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PREFACE TO THE FIFTH EDITION 


The proparatinn of our fourtli edition, puMixluvl in Octolwr, 1013, occupied 
over fovon yean?, tlio work liaving lx‘oii delayed by various factors, esjwcially 
war-tirao conditions, and more particularly tlio wrecking, ky enemy action, of 
our liomos and hospitals, and of the promtseH of tlio Finns employed in its 
pitnlucUon. The delay, liowovor, was of some advantag^i in that it jwmiitted 
of the frequent revision of tho wholo text, and tho cmlKxlimont of mucli now 
matter from tho litomturo and from our own wnrdimo oxi>crienco. 

In tho revision for tho fourth cxlition, we had tho active collahoration of 
Dr. 'A. Murray Drennnn, Professor of Pathology in tho Univoniity of Kdinburgh, 
to uliom wo were indebted mom particularly for tho now Cimptor ou Diseases 
duo to Vitamin-Doficioncy, au<l for tho rovihion of tho Chapters on General 
Polrogrcssivo Cliangcs, Diseases of tho Ductless Glands, nmrDi«oasos of tho 
Alimentary and Urinary Sintems and lavor. 

For assistance in tho goneml rovision of the text for tho fourth o<lition, wo 
woro indohted to Dr. John 0. Oliver, Lecturer on Pathology and Morbid 
Anatomy and Assistant Pathologist to St. Tliomn.s’.s Hospital, London — in 
wliich hospital it Is of interest to record that tho late Professor Greonfiohl had 
been Pathologist and Lecturer on Patliological /bmlomy from 1874 until his 
appointmoht to tho Edinburgh Chair of Pathology in 1881. Our thanks were 
also duo to Dr. Carl V, Wollor, Pfofe.ssor of Pathology in Iho University of 
Michigan, Ann Arbour, U.S.A., not only for reading a considorablo part of tho 
earlier proofs, but for valuable suggestions whicli woro incorporated in tho text : 
and to many other colleagues and friends wliosc names woro cmimoratod in tho 
preface to tho fourth edition, raoro ospocinlly Dr. Porcival Bailoy, Professor of 
Neurology and Neurological Surgery in the University of Illinois Collogo of 
Modicino, Chicago, for tlio loan of his invaluable neurological diagrams : and 
to Dr. Dorothy S. Russell, Professor of Morbid Anatomy in tho University 
of London, and Dr. J. 0. W. Bland, of tho Bombard Baron Institute of 
Pathology, London Hospital, for tho uso of their illustrations of coll-culturos 
of gliomatous tumours. Wo have also to thank Dr. Edith K. Dawson, of 
tho Royal Collogo of Plij-sicians Laboratory, Edinburgh, for illustrations 
and other help in connoction ^vith Dlsoafics of tho Broast and Ovaries : and 
tho late Dr. James Walker Dawson, of tho same Ijaboratorj', for tho figures 
and coloured plates from his M.D. Thesis used to illustrate our Chapter on 
Inflammation and Repair, and for much of tho information which wo give 
on these subjects in that chapter. For other illustrations throughout tho 
book, wo thank our Teclinical Assistants, Sir. T. C. Dodds, F.R.P.S., F.I.B.P. 
(Edinburgh), and ^Ir. Charles Martin (London), and also for their skilled help 
—the latter in tho preparation of the West End Hospital material used for tho 
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illustration of tlio Chaptor on Bisonscs of tho Norvoua System. Since tlio 
publication of our fourtli edition, wo Jinvo witli rogrct to record tlio low of oU 
tho specimens from which thcso illustrations were made, together with tho 
entire Pathological Dopartmont of tho West End Hospital for Non-ons Diseases 
and its contents, musomu, library, and tho ovor twenty years’ collection of 
illustrated case-records, which wore, on Juno 18th, 1944, completely destroyed 
by Gorman flying-bomb — nothing being loft but tho concrete floor of tho 
laboratory — and many nurses and patients of tho hospital being Uillod or 
seriously injured. 

As in previous editions, wo Imvo made froo uso of tho published work of 
otliers, with, whoro possible, suitable ackiiowlodginoiit, but without attempting 
to compile a complete bibliograpliy ; and wo have used small-typo and 
footnotes for matter wliicli, though porliapH not of vital imiwrtanco in a 
textbook, wo 3'ot thought of siiflicicnt interest to merit inclu.sion. 

In tho fourth edition, and also to a largo extent in tho fifth, wo have made 
considerable additions — soraotimos, it must bo confessed, with reluctance — ns 
well as deletions and textual alterations, and in so doing wo Jjnvo aimed at 
maldng our befok a combination of “ textbook ” and “ work of roforonce.” 
In tho fourth edition, now Chapters wore added on Viral Infections, Vitamin- 
Deficiency Disorders, and Diseases of tho romalo Rojiroductivo Organs. TJjo 
Chapter on Diseases of the Nervous S^’stera was completely’ recast and rouTilton, 
considerably extended and fully illustrated,' and that on disorders of tho 
Blood-Forming Organs was oxtonsivoly revised, ns wore also tho sections on 
Rotrogrossivo Changes, Diseases of tho Endocrine Organs, tho ICidnoj’s, and 
Granulomatous Diseases. In tho fiftli edition, alteration.'? and additions Iiavo 
been made in the sections dealing witli Leprosy, tho Viral Infections, Disonlors 
produced by Electricity, Heat, Cold and Wet, “ Shock,” ” Gns-gangrono ” 
and Clostridial Myositis or Myo-NecTosi8,‘‘Hcart-Failuro,” tho Pnouinokoniosos, 
(in connection with which wo have to record our grateful thanlcs to Professor 
Matthew J. Stewart, of Leeds, for helpful criticism and suggestions), and 
Infective Hepatitis : together with numerous other cliangos and additions 
throughout tho text. 

We are particularly fortunate in our Publishers, Messrs. William Hoino'inann 
(Medical Books) Limited, who have always boon ready, often at considerable 
inconvenience and expense, to make frequent and sometimes extensive altera- 
tions and additions which became necessary as tho result of nowly-publishod 
work ; and we wish to thank especially Miss Joan Michio, the late ]VIr. L. B. 
Cavender and Mr. Owen R. Evans, of that firm, for their constant and 
indefatigable help under the most trying war-time and subsequent abnormal 
conditions, but for which assistance it would have been almost impossible to 
steer the book through tho press. Similarly, our grateful thanks are due to 
Mr. George Brown, of the firm of Messrs. John Swain & Sons Limited, of tho 

1 The mdebtedneso of one of the authors (W.E.C.D.) to the Medical Research Council for 
grant'? towards the investigation and iUnatiatioa of Tumours of the Central Nervous System is 
gratefully acknowledged on pages 1099 Md 1219. 
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City of liOiulon, to whoso fWII wo ftto indobteil for tlio quality of tho blocks 
for our now illuslrations : to ^toasn*. Henry Stono fc Son Limited, of Banbury, 
for some of tlio now coloured plates : and to Tho Whitofriars Press Limited, 
of Tonbridge, for tlmir pationeo and nccumcy in sotting and ro*FotUng tho 
text many limes : and to Jfr. l4esHc T. ^forloti for ossistanoo in tho laborious 
task of compiling and cliecking tho Indices. \Vo also record with grateful 
appreciation tho constant expert help ungnidgingly given to us over a period 
of many years by the Librarians of tiio Royal Society of Medicine in tracing 
and vorif>dng innuTnoraido Teferem-'es to Looks and pa]X'rrt which wo imd 
occasion to consult during tho proparatioa of tho later editions of our 
book. 

Tho kind and generous reception given to our fourth edition, already out 
of print, has, \rithin a comparatively short time, necessitated, not merely a 
reprint, b\il tho prepamtion of a new fiftii ethtion — for, in the words of Sir 
Edward Mellnnby in his Mend Memorial Ixclnro on “ Mcilical Research in 
Wartime,'* deUvored at Jfanchester University on Jtmo 17lh,^10]3; “Tho 
advance of modicai scicnco, both l)oforo and during tlm war, fins iircn fanlnstic " 
— tho italics are ouw. Luring the«o years, whilst and immediately after our 
fourth edition was passing through tho press, the A'cto Em of U/iernot/icrtipy 
and EaelcrtMtash in Medicine has developed with amazing rapidity, and has 
completely altered our wljolo outlook in tho realm of infoctivo di“oaso ; whilst 
in the rapid advance of our knowlc<lgo of n*ml infeeihns may Ho much of tho 
future progress of both clinical and RciontiHc mcdicino, including, it may bo, 
tho Polfttiou, though perhaps only in part, of tlio iiithorto baflling enigma of 
carcinogenesis itself. Tn tho immediate fulnro, wo look foTNvard to tho 
application to mcdicino of tho now scionco of — tho aplitting of tho 

atom — tlie investigation of wliiob is already opening up now vistas of Imow- 
Icdgo, including the tracing of “ tagged ** or ** labelled ’’ constituent nutrient 
and other chemical substances by means of numerous artificially-prepared 
radio-active isotopes of many of tho elements (radio-carbon, -iron, -zinc, 
-iodine, -phosphorus, -potassium, cto.), tlio course of which can bo followed and • 
identified during and after tho processes of digestion, absorption of these 
“ tracer-substances ’’ and their assimilation into tho living tissues of vogetablo 
and animal bodies, and tlicir excretion, both in healtli and disease. 

In the profaco to our first edition, wo noted that tho subject of Bacleriologif 
was dealt witli so fully in many oxcollont toxtbooka, that wo had omitted it 
entirely as a separate subject ; and wo would also note tliat, except whore thoy 
help to elucidate tho patliological processes at work, wo do not give more than 
a brief account of tho action upon tho tissuoa of various therapeutic measures, 
medical and surgical, for example tho methods of oiaplo3miont and tho results 
of tho action of anti-sora and vaccines, and of varioi^ drugs and other sub- 
stances, and certain physical agoacies such as heat and cold, radiotherapy, etc., 
descriptions of tho offocts of which upon normal and diseased tissues will be 
found xmder appropriate headings. Similarly, for further descriptions of sub- 
jects such as “ shock,” war-wounds and other injuries, and tlie symptomatology 
of disease in general, though we do allude lo thorn, at times even in some detail. 
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textbooks of physiology, clinical modicino and surgery can bo consulted. We 
would likowiso oraphosiso that Chemical PalhdloQy h now such an ovor-incroasing 
specialised subject that wo have not attempted to deal with it at all in detail. 

Lastly, in this preface, wo would welcome the general trend of pathology to 
become a science of tho living, rather than a record only of the end-changes of 
disease as seen in tho post-mortem room, important and instructive as those 
alwa5’s are. In our first chapter and elsowhoro, wo emphasise tlio imxiortanco 
of study by supravital-staining and biopsj'-inotliods and tlio application of 
these to early and rapid diagnosis, for oxamjdo, during tho actual progress of a 
surgical operation. 

J. I^LVRTIN REArriE. 

W. E. CARNT2GIE DICKSOX. 


PosTscRirT. Rccauso of tho then war-time diniciiltios and restrictions, tho 
fourth edition of our textbook was in pagod-proof form for over throe years, 
and now for similar reasons, as well as owing to tho shortage of paper and other 
materials and of electric power, greatly handicapping and delaying tho work 
of tho printers, it has been a diflioutt imdortaking, without unduly disturbing 
the set-up and pagination of tho text, to bring tho present fifth edition up to 
date — an undertaking for which ono of us lias boon mainly responsible. Ho 
therefore asks tho indulgence of our readers ; and, if they find any errors or 
discrepancies in the text, footnotes or index, iio will bo more than gnvtoful if 
they will send him a note of them. In order to emphasise liis belief tliat the 
subject-matter and scope of scientific articles quoted are of as groat importiinco 
as the names of their authors, he has placed tlio titles of such articles at tho 
beginning of his footnote references to them. 

W. E. CARNEGIE EICKSON 
11, St. George’s Road, (Editor). 

■ St. Margaret’s-on-Tharaes, 

Middlesex. 

May, 1948. 



PREFACE TO THE FIRST EDITION 

(AltUIDOCU) 

ny excuse wero ueccssnrj' for nilding niiotlicr to the m.iny textbookfi of 
lologj’, it would liQ found in tho fact tlmt (ho present volume is based on 
teaching of tho hMinhurgh School. Tliis School, in which tho first Chair 
atholopy in tho United Kingdom was founded, 1ms sent Ua tcaclicrs and 
enta to all parts of the world, anil thus has had a conHidcmhlo intiucuco in 
Ming pathological opinion. In spite of tl»i«, Rome fundamental points 
;h have been taught in Kdinhurgh forycnrs.nml whicharo founded on careful 
>ThncntaUnYestigations, comhincil with an extensive ex|>cricncc in human 
bid anatomy and morbid histology, have not, we think, received sufiicient 
ntion. 

the hook is intouded primarily as a textbook for medical students and 
dilioncrs, and wo have, therefore, de.iU fully with tho more itni>ortnnt 
fundamental points in Pathology. Mimito microscopic anatomy of abnor- 
Rtmcturcs and ti'^^ucs has been dealt with — though sometimes briefly, for wo 
i recognise that no dc.scriptivo ux'Ung can bo Riibstitutcil for tho actual 
:imcn and tho microscope, and, moreover, the subject is fully dealt with in 
•books on Morbid Anatomy and Histology. Bacteriology* is bo well dealt with 
Ijo many’ excellent tc-xtboolcs now published, that, import.int ns it is to, and 
parable though it ho from, Pathology, wo have omitted it ns a separate 
jeet. 

Wo have especially to thank onr old teacher and “chief” — Profo.s.sor 
Ham Smith Greenfield, of Edinburgh University — for placing tho notes of his 
uTcs at our disposal. Without Ins hearty cooperation and tho boneflt of his 
,0 experience, It would have been impossiblo for us to undertake tho work. To 
nowlodge his help is to us a pleasure, but it is, perhaps, oven a greater pleasure 
lave the opportunity of again bringing forward views founded on tho results 
larcful observation and experiment, which ho has provioiisly publisjicd and 
gilt for many' years, but which have not received tho attention and 
ignition wivicli they mcrit.^ 

Almost all the illustrations are new, and aro from specimens either specially 
pared by or for us, or kindly lent for tliis work, Tlio great majority of the 
ito’micrograplis are tho work of Mr. Richard Muir,- Demonstrator of Patho- 
ical and Bacteriological Methods in tho University of Edinburgh, and we 
iro to thank him for tho caro and trouble he lias tolicn in their selection and 
paration. Tiio photographs of practically all the naked-oyo specimens 
re taken personally by one of ourselves (W.E.C.D.). 

**«««* 

Lastly, it is a pleasure to acknowledge tho uniform kindness and courtesy 
ich we have received from our Publishers in connection witli this work, and 
thank them for tho great caro which they have bestowed upon its production. 

J. M. B. 

W. E. C. D. 

* Set, for examplo, pp. 676 and 778, and footnote on p. 783. 

* Thii oppUea to tho first edition rally. 


Oeiobtr I90S. 
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CHAPTER I 

THE CELL IN HEALTH AND DISEASE 

••OmniJ a etffKir*.'*— UfDOLr Vincitow. 

But: ''rnrh parti£u!ar organ hclJd till j4a(e . . . 

combining vilh the vtat tnla one tymtHtlnj. , . 

— John Ilrxnv NtnrutN. 

Tiie tissues of the Auitnal hotly, os well as those of vegetable organisms, 
ore composeti of cells and their products, and it is essential therefore that, 
for the study of tlie tissues in healtli and in dUcasc, the elementary facts 
concerning eell-stmcturc and function should bo understood as thoroughly 
ns our present-day instruments and knowledge of physics, optics and 
chemistry will permit. Function tlcpends on structure. It i.s also true that 
structure is altered or moulded by function. Any advance which makes the 
perception of the fmer details of stnicture possible is of interest to the doctor.^ 

The classical knowletlgc concerning the cell was originally derived from the 
study of dead tissues, but, more recently, the introduction of methwls of the 
microscopical examination of living biopsy-material and of ti.ssue-culture hn.s 
allowed of tiio more direct obsor%*ation of cellular life. Cinematography 
can bo u.scd to rcconl the changc.s in living cells, and in tissue-cultures, thus 
providing a ready means of reviewing within tlio space of a fen* seconds the 
changes occurring and rceortled over considerable periods of time. Further, the 
study of biophysical and hiochomica! changes in cells, has added considerably 
to our earlier knowledge of cell-life and mctaboIi.sm. 

In the study of all physiological and pathological processes, wo must for 
the present regard the cell ns the ultimate biological unit — at the samo time 
a unit of structure and a unit of function — however complo.v the tissue or 
organ built up of these cell-units may lx>. This postulate was first put for- 
ward by Schlcidcn - in 1838, and by Schwann * in 1839, but it was not until 
after the publication of Virchow’s epoch-making work on Cellular Pathology 
in 1868 that these fundamental facts were generally accepted in the realm of 
pathology, when it w'as recognised that all the functions of the bod}* are the 
result of, and are dependent upon, the sum of the varied activities of the 
innumerable cell-units of which tlio body is built up.® 

^ *' The Electron Microscope ; Its Application to Medicine.” by G. Z. Donovan, M.Sc., etc. 
Proceedings of the Boyal Soeieli/ of .Verfieme, London, 1944, 37, 70S: “The Electron Microscope, ” 
hy John H. Jupe, Bnt. Med, Jour,, 1945, ii, BOO: and “Introduction totheElectronSOcroscopo,” 
by F. E. J. Ockenden, Monograph of the Queckett Microscopical Club, Williams and Xorgato, 
London, 194G. See also footnote on pp, 104-0 re magnification of viruses. 

* For further information on Virchow, Schteiden and Scftirann, see notes 1 to 3 on p. 1438 at 
the end of the book. 

* Virchow (1821-1902) published his ** Cellolaipatholosie,” Berlin, m 1858, an English 
translation, published in 1860 by Dr. Frank Chance. London, being made from the Second 
German Edition of 1859, which Virchow dedicated to John Goodsir, Professor of Anatomy in 
Edinburgh (see note 1 on p. 1438). It was jn an earlier short article, entitled “ Cellular- 
Pathologic,” in his ArchivfUr pathologische Anatomie und Physiolsgie, Berlin, 1855, 8, 3-39, that 

p. 23) Virchow stated : “ Ich formulire die Lehre von der pathologischen Generation von der 
Leoplasie im Sinne der Cellular -pathologio einfaeh ; Omnia eeUula a cellula." 
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A multicellular organism, whether plant or animal, may bo regarded 
theoretically as a vast colony of unicellular units, but it is only in a very 
limited sense that the individual tissue-cell can bo loolccd upon as an 
independent unit. All grades of independence— or, more accurately, inter- 
dependency — may bo found, from the highly differentiated and fragile nerve- 
cell or secretory-cell, which may die almost immediately after removal from 
its normal environment, up to the all but indojXJndcnt leucocyte, which 
survives for days, if kept in suitablesurroundlngs outside tholiving body. But 
even the leucocyte, which may be kept alive in vilro, cannot bo regarded as an 
independent unicellular organism, and it soon perishes from lack of suitable 
nutriment normall}' elaborated for its use by other cells of the bod}*, or it is 
poisoned by effete substances of its own formation which should bo removed 
by the cells of the excretory organs, co-operation being essential to the 
common welfare. Alexis Carrel and his successors have now* prcscn’cd dividing 
embryonic chicken-heart cells alive m “ tissue-culture ” for between thirty and 
forty years — since January 17th, 1012; but it is more profitable “to regard 
the organism as the individual, with a common life running through it all, and 
the cells not as units of w’liich it is built up, but rather os parts into which it is 
divided in order to provide for the necessary division of labour involved in so 
complex a process as life. The conception of the cell thus remains, but no longer 
requires or is capable of the strict definition that w’as needed when the word 
was supposed to represent a fundamental biological entity." ^ 

GENERAL MORPHOLOGY ol the CELL 
In shape, the animal cell, when examined in tissue-sections or in fixed films, 
varies indefinitely with such factors as the type of tissue in which it occurs, 
and the density and nature of the surrounding strucliires. It may be spherical or 
ovoid, spindle-shaped, cylindrical or polygonal, or entirely irregular. In living 
cells, there is often active change of shape from time to time, not only w’ith 
growth, but with variations in their functional activity. This is true, not 
only of such cells as muscle-fibres or amoeboid leucocytes, where it is a well- 
recognised fact, but also of nerve-cells and endothelial cells, where its 
occurrence is not so widely recognised. 

Protoplasm, the essential material of which the cell is composed, and in 
which the physical manifestatlona of the vital processes which are carried on 
in it occur, is a soft, viscid, colourless, transparent or translucent liquid material, 
the detailed structure of which, in the living state, is seen microscopically 
only with great difficulty. 

There is no general agreement among histologists concerning the 
ultimate “ structure ’’ of protoplasm, and some of the appearances described 
as evidence of “ structure “ may web be no more than those met with in all 
colloid flvdds. 

In some animal cells, more especially in certain of the primitive unicellular 
organisms, the cytoplasm may show differentiation into distinct, more or less 
concentric, zones : an inner and apparently less highly differentiated and more 

^ “ An Introduction to the Study of Cytology,” by Leonard Donoaster, Cambridge TJniversitv 
Press, 1920, p. 3. 
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fluiii zimo irarocdmlcly iirmiiici the nucleus, termed the emiopinsm : nnd nti 
outer more vfacous zone, the eclo- or cxo-plasni. Silimtcd in tlie cytoplimm nre 
Turioua “ cell-organs " nnil other highl)- dillercntiated atmcturcs, such ns the 
mitochondria, Golgi's apparatus, eenlrmphcre, ccll'fihrils, etc. Accunudntions 
of proteins, fats, cnrliohydralea, pigments and secretory grannies fonnmg tlie 
sQ-eallcd melnplasnrio “ inelusiona " are also present. In man and the liiglier 
aninuda, this difTcrentiation into cytoplasmic zones is svell seen in tiic case 
of the giant -cells or megakaryocytes of the hone-mnrrow (Plato XVU, p. Cut). 



(Xoto { Tbo arrow from tho word “ CmlopU*tn ’‘nhouU pass farther into the cjtopleum.) 


The centrosome or “ attnvction*8phcro,” with its contained centriole or pair 
of eentriolcs, has been called the dynamic centre for tho reproductive activities 
of the cell, ns it is tho functional stnicturo which leads tho way in mitotic division 
(Fig. 2, p, 8). It is situated, ns a rule, in tho innermost zone of tho cyto- 
plasm, immediately outside, and often towTirds one polo of, tho nucleus, 
^raetimes the centriole is single, but more commonly there are two eentriolcs 
close together, and surrounded by n common envelope from which delicate 
thread-like rays radiate into tho surrounding cytoplasm, especially noticeable 
when cell-division is about to begin. In tho vegetative state of tho cell, the 
ccntrioles lie passively side by side ; but, with approaching nuclear division, 
they diverge from one another, each taking up a position at an opposite pole 
of the dividing cell. The fibrils stretching between them form the achromatic 
spindle to which the chromosomes of tho nucleus become attached after they 
have divided. 

Mitochondria * are found in all cells and occur as small granular, rod-shaped 

* Mitochondrion, from Greek nWor, mitot, a thread, and eftonctrvm, diminutive of 

X’fi'Sfof, eAondro*. a, grain or granule. 


4 


PATHOLOGY 


or filamentous bodies which are observed most readily ^vhen Jiv'ing cells are 
examined microscopically with dark-ground illumination. Such bodies appear 
to be motile within the cytoplasm and to undergo segmentation and reunion. 
It is believed that mitochondria give rise to intracellular substances such 
as enzymes. Mitochondria can bo differentially stained by means of Janus- 
green. 

Golgi’s apparatus, demonstrable by sih'cr-impregnation methods, or 
by prolonged treatment with osmic acid, consists of a network, or a system 
,of rodleta, in the cytoplasm near the nucleus. Its nature and functions are 
not yet fully understood, though various changes are observed to occur in it 
during cell-division, and it is almost certainly concerned in metabolism 
within the cell. 

“ Vacuoles.” In many living cells, e.j?., in leucocytes, small, clear, apparently 
structureless and “ empty ” areas may often be observed. These are rather 
erroneously called “ vacuoles,” and may bo cither temporary, especially 
in actively-functioning cells, or in some cases more or less permanent in their 
nature. An important typo of vacuole ” is that formed around a foreign 
body which has been englobod or taken into the cytoplasm of tho cell by the 
process known as phagocytosis (p. 34). A clear space may bo obsciwcd round, 
such an "included ” object or its remains, and this in reality constitutes a little 
stomach, or " digestive vacuole ” as it is called, within tho protoplasm, in which 

... .1 

] • • : • • ’ of digestion. 

Such “ vacuoles " are often specially well seen in the large mononuclear cells or 
maorophoges of inflammatory exudates (Plato III, p. 30 and Plato V, 2>* 
and in certain protozoal parasites such as amcebjo (Fig. 195, p, 416). 

Another important variety of " vacuolation ” of tho protoplasm, which 
occurs, not only in the cytoplasm, but abo in the nucleus, b due to degenerative 
alterations in the reticulum in disease. This will be described more fully 
later. 

Metaplasmic inclusions, the products of secretion and excretion, are found 
stored temporarily within the cytoplasm until they are required by the organ- 
ism, or until they can be eliminated by excretion ; whibt in other instances 
the so-called “ granules ” and other substances appear to be more or less 
permanent constituents of the cell. In the former of these groups may be 
placed granules or globules of various fatty substances, glycogen, and other 
food-elements. The secreting-ceib of practically all glandular organs contain 
in their cytoplasm numerous granules which may be demonstrated by appro- 
priate staining-methods. In the second group are the granular leucocytes 
of the blood, which owe their present classification to the size .and staining 
afBnities of the granules in their cytoplasm. The precise chemical nature of 
these granules has not yet been determined, though many of them are probably 
compounds of albumin with other substances, e.ff., in the form of nucleo- or 
gluco-protein bodies, etc. 
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Thoflo ccll'gmnules nro cInKsified into gnjiipn, nccording to tlioir affinity for 
various acid, ncutml, and basic dyes (</. p. 10) : — 

i. Oxyphil (also called eosinophil or »• acidophil *’ *), with affinity for the acid 

or protoplasmic dyes. 

ii. BasiphU,* witli affinity for the basic or nuclear stains. 

iii. Neutrophil, Nvith no sj)ccial affinity for cither. 

iv. Amphophil, with an equal affinity for botli acid and l»asic dyes. 

Pigment in granules and larger particles may be pre.scnt in various forms in 

the cytoplasm. In addition to the nornml jiigment found in cells of the skin, 
eye, etc., eolounnl matter may \)o found in the form of cnglobcd foreign 
particles, or wostc-products of cell-nctivUy. Tlio presence of foreign 
bodies such ns bacteria, and other parasitic organisms, blood* and otlicr colls, 
is described under Phagocytosis (pp. 28, 34 tt passim) ; and the presence of 
various degcnomtion^products, such na droplets of colloid or mucinoid material, 
fat and oil, etc., is discussed in the chapter on Degenerations and Infiltrations 
(p. 189). 

Nucleus. In the tj’picol metazoOn * cell, there is usually a single nucleus, 
the executive centre for the control of the constructivo anil functional activities 
of the cell— a more highly evolved part of the protoplasm found in all except 
the lowest living fonns. 

In some colls, for example in those of the liver, there are frequently two 
nuclei present, but this may bo merely evidence of ns yet incomplete or 
imperfect celUdivlsion. In another important series of cells, for example the 
osteoclasts, giant-cclls and other cells which arc concerned more especially in 
the local absorption of bone, fibrous tissue, pathological substances, foreign 
bodies, etc., as well as in the giant-cells found in morbid conditions such as 
tuberculosis (tubercle giant-cclls), and in certain tumours, largo numbers of 
nuclei may.be found. 

The shape of the nucleus varies greatly in different cells, not only nccording 
to the class of tissue to which these cells belong, and at diSeront periods of 
their growth, but also from time to time nccording to the variations in the 
state of their functional activity. In some cells, especially after fixation by 
various chemical or physical methods, the nucleus is more or less regularly 
rounded or ovoid in outline, and situated approximately in the centre of the 
cell. In other instances, it is indented or kidney-shaped, or, again, it may be 
highly irregular in its configuration, as in the polymorphonuclear leucocyte of 
the blood. 

One of the most complicated nuclear forms is that found in the mega- 
karyocytes or giant-cells with single hollow basket-like nuclei found in the bone- 
marrow (Plate XVII, p. 694). Change of nuclear configuration in a develop- 
mental series of cells is well exemplified in the granular myelocytes, or marrow- 
cells, and in the transitional myelocytes formed from them preliminary to the 
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development of the ordinarj’ polymorphonuclear leucocj'tcs of the blood 
(Fjg. 373, p. 714). Or, again, in the development 'of connective tissue, the 
younger or more primitive actively-dividing cells are rounded in slinjKj and 
possess spherical nuclei largo in proportion to the size of the cell. These 
cells first enlarge somewhat, and then gradually become elongated until they 
assume a spindle-shaped outline, the nuclei undergoing a parallel scries of 
morphological changes until they finallj' assume a rod-liko shape. An 
analogous series of changes may bo observed during the development of young 
muscle-cells. 

The relative position o! the nucleus within tho cell is of some importance, 
but it must be recognised that, during life, the nucleus may move actively 
from one part of the cell to another. Changes in tho position of the nucleus 
are of importance in connection with tho process of cell-division, whilst an 
eccentric position of the nucleus can bo characteristic of certain forma of 
cellular degeneration, for example in ncrvc-cclls. 

Structure ol the nucleus. In tho ordinarj’ vegetative state — sometimes 
misleadingly called tho “ rcsting-stage,” in contm-distinction to the changes 
which are discussed on p. 7 under the subject of cell-division or mitosis — tho 
nucleus presents a more or less definite, tj 7 >jcal structure, tho component 
elements of which may bo described as follows : — 

Nuclear membrane — a thin, delicate, and usually perfectly transparent 
structure enclosing the nucleus, and composed of an achromophilic substance, 
that is to say, a substance without special affinity for the dyes or stains used 
in the study of the cell under tho microscope. This achromatic substance is 
possibly allied to linin or achroraatin, one of the constituents of tho nuclear 
network described below. 

Nuclear network, Tlic body or interior of tho nucleus is composed of a 
reticulum or network, in the meshes of which is a clear fluid, the nuclear juice. 
In the nuclear network, tho filaments are composed of an unstainablo 
substance called linin or achroraatin, along tho course of which arc 
attached or embedded granules or small masses of a material which has an 
intense affinity for certain dyes, and hence is called chromatin. At the nodes 
or junctions of the nuclear network, the chromatin is sometimes aggregated 
into larger masses which stain deeply, and are termed net-knots or karyosomes. 
These are not separate structures ; they stain intensely, as does tho rest of 
the chromatin, with the basic or nuclear dyes, and must be distinguished from 
nucleoli, the staining affinity of which is for the protoplasmic or acid dyes. 

The nucleolus or plasmosome is a structure which is found embedded or 
suspended in the nuclear network. It is usually single, but frequently two, 
and sometimes three, four, or even five, of these structures may be found in 
one nucleus. 

Cell-wall or membrane. Many cells, e.g., leucocytes and nerve-cells, have 
either no cell-membrane or possess on their surface only an exceedingly 
delicate layer of specially adapted protoplasm representing it in function and 
position. 

In some situations, there may be direct structural continuity of the cyto- 
plasm of adjacent cells. This may he incomplete or partial, as in the case of 
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the cells of the Malpighian layer of the epidermis, in M'hicli the cell-bodies of 
neighbouring cells communicate by means of the intercellular bridges, giving 
rise to the pricklo-liko appearance characteristic of these cells (Fig. 170, p. 380) ; 
or; ogain, this union may bo more or less complete, ns in the instance of the 
syncytial layers or masses of protoplasm which possess numerous nuclei, but 
have little or no difiprentiation of their protoplasm into separate cell-units. 


CELL-DIVISION 

For full descriptions of the process ofcell-tlivision, reference should bo made 
by the reader to special textbooks,* but the subject is so important in Pathology 
that a brief outline of the process is given here, with special emphasis upon 
certain of its abnormal variations. It has been instructively illustrated in 
cinematographic films prepared hy the lato Dr. Cnnti and sub.scquent workers. 

Cell-divifiion may take place under the action of various forms of stimula- 
tion, physiological and pathological. IVom the first division of the impregnated 
ovum onwards, there arc the phenomena of tissue-gro^rth and maintenance. In 
some cells, for example in the hromopoictic cells of the bonc-mnrrow, these pro- 
cesses continue more or less actively throughout life. Ncrvc-cclls, on the other 
hand, probably do not multiply under ordinarj* circumstances, if at all, after 
an early period of life. Slany tj'pcs of cell arc capable of actively proliferating 
under the stress of any special call for their increased activities — notably 
connective-tissue, endothelial, and other cells which take part in the repair 
of tissues after injury or damage by disease. 

Two methods of cell-division— direct and indirect — arc described. Direct 
or amitotic division, is said to be brought about by direct fission of tho nucleus 
and protoplasm, and, if it does actually occur at all, is so rare that we need not 
further consider it. 

Indirect division, or cell-multiplication by mitosis, if not universal, is 
certainly tho usual method. 

Tho two fundamental factors in tliis mode of cell-multiplication are 
(1) the arrangement of the chromatin into loops or chromosomes, and 
the cleavage of these into two ; (2) the rearrangement of the subdivided 
chromosomes in the daughter-nuclei. To all the phenomena occurring before 
and leading up to the division of the chromosomes, the term Prophase is 
applied. To the splitting of the chromatin-loops tho name Metaphase is given. 
This is followed by the Anaphase, during which the daughter-nuclei are built 
up ; and the process is completed during the Telophase, in which the cell- 
body becomes divided into two daughter-cells. A tabular scheme of these 
phases, and the accompanying series of diagrammatic figures, may aid in the 
explanation of this complicated process. 

‘ “Recent Advances in Cvtolocv.” 2nd ndJtlon r*,r— i ri — -n-r. 

London, 1937, and “ 



PATHOLOGY 

MITOTIC DIVISION 

The stages in regular mitotic division arc set out in the following diagrams : — 



Fio. 2. Diagrammatic Representation of tho Processes of CelUdivision. 

1-8 IIITOSIS IN Somatic Cells a Anaphaie. Chiomownic^ it polos of spindle. 

1 Cell durliiK rfsetaUve ftnod The eentriole liss 7 Anaphatt Cliromowmes united Into spiremes. 

Formation of nuclear loembrane round dausliter* 
' nuclei This diagram also shows coramencemsct 

_ ot telophase ^ 

aoRies • 

t. Mtlaphatt SpUttii^ of the chromosomes alter i ■ ' • 

• ■ ■ ' 10 Their division and passage to poles of spindle. 
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MODHICATIOKS of THE PROCESS of CELL-DIVISIOR 
by MITOSIS 

1. Ono of the most rcmarknblo modifications of the process of eell-dmsiou 
by mitosis is that kno\^•n ns mciosis,* or rednetion of the chromosomes during 
the maturation of conjugating gcrm-ccJR Tlie ordinarr process of cell- 
division, na it occurs in the general somatic or body-cells, is cUaracteriaed 
by the formation of a definite, specific number of chromosomes. Tljus, in 
the human subject, there arc forty-eight of these in ordinnrj' somatic mitosis. 
In each of the conjugating gcrm-ccHs, or male and female gametes — o\’um and 
spermatozoon— -the number of chromosomes is reduced to one-half the original 
number, in order that, in the rcsidting single cell— t^c impregnated o\nim or 
zygote — formed by the union of these two elements, the number of chromo- 
somes characteristic of the species may remain constant. Were thisprocesaof 
reduction not carried out during the maturation of these conjugating cells, the 
number of chromosomes would become progressively doubled at each union. 
As we have just noted, to the process of cell-division characterised by tliis 
reduction of the chromosomes to half their original number, the term meiosis 
is applied, in contradistinction to ordinarj' somatic mitotic division. The 
pathological interest of this form of cell-division lies in the fact that, by 
certain u*ritcrs, its occurrence has been described In some malignant neoplasms ; 
and that various hypotheses as to the iK>«siblc origin of tumours have been 
based upon this ollegcd similarity to the processes occurring in gameto- 
genetjo cells from wliich arc derived the mature gametes or conjugating germ- 
eella. For a full description of the mechanism by which tlio reduction of the 
chromosomes is effected, reference should be made to ^vorkB on cmbrj’ology and 
cj'tology. 

Other modifications of the mitotic process may bo summarised as foUou*s : — 

2. Heteiotype Mitosis, in which the halves of each of tho dividing chromo- 
gomes at first remain united at their ends, giving rise to a scries of ring-liko 
bodies (Fig. 2, Xos. 0 and 10). This is seen in gnmetogenetic tissue during tho 
development of germ-cells and results in a reduction of tho number of 
chromosomes in tho nuclei of tho daughter-cells. It is important from tho 
fact that its occurrence has been described in some malignant tumours. 

3. Pseudo-reduction may occur in certain somatic ceUs, and is probably 
explained by the fact that two of the chromosomes remain united together. 

4. Asymmetrical Mitosis, where the chromosomes are unequally dis- 
tributed between the two daughter-nuclei, or where some of the chromo- 
somes are destroyed after their formation. Such asj'mmetrical mitoses are 
common in certain tumour-cells, especially in carcinomas, and may be accom- 
panied, and perhaps caused, by an asymmetrical development of the centro- 
gorae and spindle. This tj’pe of mitosis has also been induced artificially 
by the application of certain chemical substances, 

6. Multipolar Mitosis, in which the spindle may possess three, four, or 
perhaj)8 even more poles, at which corresponding nuclei are built up. This 
method occurs normally in certain vegetable cells ; but in the animal cell it is 
pathological, and is due probably to a premature splitting of the centrosome, 

‘ “il/ejOTis.” JohnBuchan’snvetaphoricttluseofthiaworU.inhi^autobiogtaphy, “Sletnan' 
Hold-the-Door ” (1940, p. 177) — . . o«r freedom from tnelodroma. our nations} gift of 

xaeiOBia, . . , ’’may eerveaaarominderofitsseientifienioanjnp of ’'op“ diminution ” 

—the oppMiit of exaggeration. 
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or to one or both of the daiightcr-niiclci at once going on to another division. 
Such multipolar mitotic figures have been found especially at the growing 
margins in some forms of malignant tumour. (Figs. 127-8, p. 316.) 

Experimental work in America upon the influence of certain drugs, particu- 
larly colchicine — the alkaloid derived from Colchicum aniumnale, the meadow- 
saffron or autumn-crocus, " a most potent mitotic poison, arresting cell-division 
at metaphaso in all kinds of colls ” ' — upon the cell-division of some garden- 
vegetables and other plants, flowers and trees, is yielding interesting results in 
the direction of the modification of the number of the chromosomes, sometimes 
doubling or even quadrupling them, and leading occasionally to the production of 
important mutations and hybridisation affecting groivth and resistance against 
disease. The study of this modif^’ing action of drugs and other active chemical 
substances, espcciallj’ colchicine, upon mitosis and cell-division may help to 
elucidate some of the problems of tumour-formation (p. 329) ; and a reference 
to the stimulating (but unfortunately also toxig) action of this drug upon the 
bone-marrow will be found on p. 733. 

The GHEMIfiTRY o! the CELL 

It is impossible to deal adequately with cellular chemistry in a book devoted to 
General Pathology. The student Is advised to consult textbooks on biochemistry. 

STAINING-PROPERTIES of the VARIOUS CELL-ELEMENTS 

The study of the ccIl-constitucnts is largely dependent on their reactions 
to certain dyes and other chemical substances, and this study has been con- 
siderably facilitated by the technique knonm as vital-staining (sec p. 11). 

Tho reagents which aro most commonly used for tho purpose of staining 
microscopical sections of tissues may act either physically or chemically. 
The latter method is that which occurs in tlio case of tho most important 
group of reagents used for this purpose, viz., the aniline dyes.* 

Under suitable conditions, chemical union of these dyes with tho tissue- 
elements can be brought about, some structures possessing a greater affinity 
for the basic dyes, and some for those of the acid series ; whilst other tissue- 
elements take up both equally, or show no special affinity for cither (c/. p. 5). 
The tissue-elements may therefore bo classified into those which are o.xyphil, 
basiphil, amphophil, and neutrophil, respectively. In addition, the term 
“ chromophobe ” has been employed w’hcro it is difficult to induce staining by 
any of the usual methods (as, for instance, in certain cells of the pituitary gland). 

Oxyphil (sometimes called “ acidophil ” ® : eosinophil). Cytoplasm : cen- 
trioles, centrosphere and rays : spindle-fibres : linin-network of the nucleus : 
nucleoli or plasmosomes : certain cell-granules. The more important acid or 
cytoplasmic stains are eosin and er3rthrosin, acid fuchsia, light green.* 

Basiphil.^ Chromatin and chromosomes, *.e., substances which, according 
to the Stedmans ^ (1943-4), contain and are composed chiefly of the acidic (and 

.. . f 

® See first footnote on p. 6. 

* For spelling of the word “ basiphil *' see second footnote on p. 6, and c/. footnote on p. 718. 

® See “ The Chemistry of Cell Nuclei.” by Edgar Stedman, Edinburgh Medical Journal, 1944, 
51, 353, in which further references are given. 
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therefore hiis\phiUc) protein substance, ** chromosomln.** which nets as the 
chemical basis of heredity : knrj’osomos or “ net -knots ” : and certain ej'to- 
plnsmic granules {p. 6). TIic more important basic or nuclear stains arc 
hfcmatcln (combined with alum ns “ hasmnlum ”), methylene and toluidm 
blues, thionin, gentian violet , saflmnin, Bismarck brown, methyl and methylene 
greens, basic fuchsin {see second footnote on p. 10). 

For many years the emphasis laid on methods of staining in histological 
technique has tended towards a lack of appreciation of the value of observations 
made on cells, stained and unstained, by the “ wet-film *’ method— although 
Carnegie Dickson (Fig. 350, Note, p. 669), Norah Schuster, Dorothy Russell and 
others have, for many years, dcmonstmterl the value of fresh-wet-film methods 
in diagnosis, especially when applied to the examination, not only of urine and 
faces, but also of cerebrospinal fluid and puncture-fluids from the brain and 
ckewhere, and of sputum, in which, by such methods, malignant cells, frag- 
ments of new growth and manj* forms of inflamroatorj' cell are more readily 
discernible than by the examination of ordinary dried-film preparations.^ 

An alternative method is that of Dudgeon and his co-workers, in 
which rapid fixation of fresh-wet films by Schaudinn's fluid is followed by 
staining. Here, again, cells are observed by a technique w’hich excludes or 
minimises the gross autolytic processes involved when tissues or cells are 
“ fixed " by the slowly-acting fixative fluids in general use. 


VITAL-STAINING in RELATION to CELL-FUNCTIONS and ACTIVITIES 
The process known as “ vital-staining ’* implies the staining of the living 
protoplasm of a cell, and is brought about as the result of an active process on the 
part of the cell itself. A\nien colloidal solutions of certain sulphonated dis-azo 
acid dyes such as trj’pan- or pyrrhoI-bJuo are injected into the Wood-stream, 
the dye is concentrated vithin tho cells of the rcticulo-endothelial system, so that 
gradually the cells of this system become stained, following tho injection of the 
dye into tho blood-stream (pp. 31 and 808-9). Under such conditions, the dye is 
found in certain cells in the form of granules, but whether these represent mere 
particles of dye itself or whether the appearance is duo to tho staining of 
certain intra-cellular substances is not knomi. 


Since the process of vital-staining calls for active participation by the 
cell itself, it is hardly surprising that the cells of the body vary in their power 
of reacting to such a staining-process. It is those cells which normally exhibit 
active phagocytic power, e.g., against bacteria or foreign particuhate substances, 
that are most readily stained by these vital methods, namely, the cells of the 
reticulo-endothelial system (p. 808 el seq.). 

From the process of vital-staining, that of supra-vital staining has been de- 
veloped. In this, the cells are stained immediately after removal from the body 
and whilst they are still living, or in cell-culture. The staining of red blood- 
corpuscles with. brilUant cresyl-blue for the demonstration of reticulocytes (Plate 
XV, facing p. 686) is an example of this process of supra-vital staining. Also 


' For examples of “fresh-wet films" of cerebrospinal fluids, seeFjgs. 677-9, pp. H09-11 : 

Figa. 692-4, pp 1136-8; and for specimens of “ diagnostic puncture-fluids,” see Fig. 128 p. 316 : 

Fig. 668, p. 1264: Fig. 704, p. 1285; and Pigs. 735-6, pp, 1316-17: and of malignant, cells in 
sputum. Fig. 350, p. 659 (with its footnote). 
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Acute Joint Injuries 


extensors, particularly the extensor carpi radialis longus, contract. 
This is done by having the patient put his fingers and hand in full 
flexion, wth the forearm in full pronation, and then extend the fore- 
arm. If this maneuver produces the exact pain of which the patient 
complains, the test is said to be positive. 

In the acute form there is more or less continuous pain or ache. 
There may be some swelling. Tenderness is always present over the 
external condyle. 

The treatment consists of, first, the eradication of septic foci, if 
there is any toxic basis for the condition; second, the use of support 
to the elbow, forearm and hand by means of adequate splintage; 
third, the use of physical therapy. 

The particular physiotherapeutic modalities that arc useful arc: 
diathermy to the elbow for 30 minutes, followed by 5 to 10 minutes 
of_ light massage, for the first week; and the same routine, with s 
minutes of the static wave or stimulation from a Smart-Bristow coil 
added, during the second week. 

The cock-up splint may be discontinued usually at the end of the 
second week, and the use of a sling at the end of the third week, 
but a return to the activity that produced the condition must be for- 
bidden until strong contractions of the involved muscles do not produce 
pain and until the tenderness over the external condyle has entirely 
disappeared. ^ 

THE SHOULDER JOINT 


The symptoms of sprain of this joint are the same as those of any 
other large joint and need no further enumeration ^ 

The joint, however, is greatly influenced by gravity and if the 
arm is allowed to hang at the side following injury‘s there w-iU bo l.rlv 
inability to abduct the arm, For this reLn tS^' 'sprled sho“dt 
should sometimes be placed in a position of abduction and maSned 
there by the use of an aeroplane splint. •^***iuineu 

The physical therapy is the same as that already outlined in snroln. 
of the knee, viz., radiant light and heat from a suitable source for T 
minutes, every two hours, or the use of continuous, hot mnUi o™ 
presses for the first day or two following injury then the ' t 
diathermy through the joint for 20 minutes daily.’ followed bv^' bt 
stroking massage lor 3 to 5 minutes to hasten absorntinn of fbo 
exudate and prevent stasis. At the end of a week, sligh^t aaiv/ 
passive motion should be begun, increasing the range of activitl r “ 
degrees each day, if possible, but always stopping short of orL ■ 
pain or reaction to treatment. prouucing 


STRAIN OF LUMBOSACRAL JOINT 


The term “sprain” or “strain” of the back is so frequentl 
to any injury of the back that causes pain in the lumbosacral 


y applied 
or sacro- 



Burns 


Chapter 2] Q 
Volume IlJ 

by covering the outer layer with rubber sheeting and focusing a 75- 
watt light upon the dressing. Use care, however, to avoid burning. 

The concomitant injury to other joint structures received at the same 
time must, of course, have proper treatment in addition to that just 
outlined for wounds alone. 

Burns 


The treatment of burns about a joint is dependent upon the same 
factors as the treatment of burns elsewhere, viz., the nature of the 
element causing the burn, whether thermal, chemical or electrical, and 
the depth to which the destruction extends. The area or extent of the 
burn in relation to the total body surface is most important in regard 
to prognosis; the greater the involvement, the poorer the prognosis as 
to life. The depth of the burn is most important from the standpoint 
of future function of the part. 

The main symptoms of burns are dermatitis, blebs, ulceration, 
pain, fever and shock. 

The physical therapeutic indications are to promote healing, mini- 
mize scarring, prevent contractures and overcome trophic disturbances, 
especially in electrical burns. 

In first and second degree burns of thermal nature, the immediate 
application of gauze compresses soaked in a 10 per cent bicarbonate 
of soda solution is indicated. These should be renewed from time to 
time or kept continuously moist and maintained throughout the period 
of dermatitis. The alternative treatment consists in the use of a freshly 
prepared solution of tannic acid in water, 5 per cent strength, instead 
of the sodium bicarbonate solution. 


Each day, after the dermatitis stage, the exposed area is subjected 
to a w’hite light bath from a 75- to loo-watl electric light bulb at a 
distance of 12 inches for 5 to 15 minutes. On successive days, the 
exposure to light is made more frequent and of longer duration In 
children and in others confined to bed, a cradle may be devised con- 
taining the electric bulb, and in this way the exposure to light may be 
more or less constant, thus avoiding many painful dressings. 

When crusts form, the use of the whirlpool bath or immersion in 
normal saline or soda bicarbonate solution helps to keep the part fresh 
and clean, allowing granulation to take place smoothly, and diminish- 
ing infection of the denuded surface. 

Posture, splintage and definite exercises are enjoined from the 
outset to prevent contractures, especially in the region of the neck 
armpit, elbow’, hand, groin and knee. ’ 


Dependent upon the completeness of healing, skin grafts or second- 
ary plastics must be done to prevent scar contractures. 

Chemical burns due to adds or alkalis are best treated by imme- 
diately washing the tissues free of the corrosive agent in the whirbool 
bath or in running water, and following this with the dressings nred 
ously described, wet with the bicarbonate solution for acid burns or 
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ten minutes of massage to hasten the reabsorptinn of exudate and pre; 
vent the development of fibrosiUs or myofascitis. 

Gradually, passive exercise, the Scotch douciic and then active exer- 
cise may be added to the treatment regime. 

If the condition docs not improve as it should, the use of the 
static wave current, after a preliminary through-nnd-through healing 
of the tissues, will frequently hasten recovery. Prognosis should be 
guarded, as these cases take considerable time to get well. However, no 
measures should be overlooked that will prevent a chronic lame back 
from following an acute one. 


SACRO-ILIAC STRAIN 


Most cases labeled sacro-iliac strain arc really lumbosacral strains. 
The term has been much misused but is gradually being restricted to 
conditions arising from severe trauma to the sacro-iliac articulation. 
True sacro-iliac damage usually produces lumbosacral damage at the 
same time, so that the symptoms and treatment arc much tlie same as 
those already discussed. Bony injury is much more common in sacro- 
iliac injury and should, of course, receive the appropriate surgical care 
and treatment. 

Wounds 


Infected wounds in the neighborhood of a joint but not penetrating 
it are treated in accordance with the principle applicable to the nature 
of the wound. Those whose main symptoms resemble an acute inflam- 
matory process vnth secretion are benefited by hot fomentations of 
salt water or tap water at a temperature of no* F. (43,3?® C.l. If 
desired, one dram of the tincture of iodine may be added to a pint of 
normal saline solution and used for these dressings. These are to be 
applied for 10 minutes daily for the first day or two, and then for 10 
minutes two or three times a day for the next few days at which 
time the wounds are usually without secretion and may be treated bv 
exposure to sunlight, to the ordinary 75-watt electric light or to the 
radiation from a mercury-vapor arc m quartz or the carbon arc The 
electric light source may be used for 3o-minute periods several times 
d day, but the carbon arc and the mercury-vapor in quartz should be 
used but once daily; the former lor 10 minutes at a distance of ^ feet 
and the latter for two to four minutes at a 30-inch distance from the 
wound Many of these wounds do well if no dressing at all is „ M 
between treatments, a protective of Celoglas” being used as a cover 
ing. This is a wire-mesh puze coated with acetone and is perSle' 
to the ultraviolet rays. It is obtainable .n yard-wide sheets tCueh 
the Acetol Products Company, Spruce Street, New York Citv ® 
Cellulitis is often checked and ftraised by the constant apniicn,;™ 
of compresses made of several thicknesses of gauze or toweling Z 
with hot normal sahne or plain hot water. The heat can be mainwred 
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In fact, the treatment of internal injuries of joints is largely surgical, 
the use of physiotherapeutic procedures being chiefly an aid in the pre- 
operative or postoperative treatment. 

Synovitis 

Any trauma directed at a joint, such as a blow, \vrench, twist or 
any forced movement beyond the normal range of motion of a joint or 
the overuse of an abnormal joint, may result in a synovitis. The 
trauma, however, must be severe enough to produce a disturbance in 
the synovial membrane. 

The characteristic signs are, of course, the presence of fluid in the 
joint, muscle spasm and pain, and limitation of motion. Usually there 
are also the signs or symptoms of some extra-articular injury or injury 
of adjacent soft parts. 

The primary indication In an acute synovitis is bed rest, with the 
part placed in the position allowing the greatest relaxation of the 
adjacent muscles, thus preventing further muscle spasm and pain. 
At times and for certain joints, immobilization with traction may be 
advisable. 

Inasmuch as many times the trauma may cause a hemorrhagic 
synovitis, aspiration of the fluid should be done promptly under proper 
aseptic technic and, following this, heat, either by moist compresses 
or from a radiant light and heat applicator, should be used frequently 
enough to reduce the pain and muscular spasm. Later, diathermy may 
be used wth benefit in those joints which are accessible to this form 
of deep heat. Its use requires skill and care. 

Galvanic and faradic stimulation of the affected muscles, if there 
is much loss of muscle tone or relaxation of ligaments, will help to 
restore the joint integrity, as will also daily massage of 5 or 10 
minutes. 

Motion should be urged from the beginning, passive at first and 
very slight; later, active and increasing in range. 

Cartilage Lesions 

Laceration, fracture, dislocation and calculi (loose bodies) Avithin 
the joint are essentially surgical in their treatment. 

The physical therapy of these conditions is directed toward the 
• associated trauma to other nearby structures rather than to the intra- 
articular condition, or else it is used as a postoperative aid in facilitat- 
ing recovery. The measures most useful would be those already enum- 
erated in the treatment of contusion, sprain and synovitis. 

Inasmuch as it is of utmost importance to maintain proper tone in 
the muscles protecting the injured joint, the patient should be urged 
to contract these muscles even as early as the day of operation After 
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with weak acetic acid or boric acid solution for those due to alkalis. 
The further treatment follows that described for thermal burns. 

Burns caused by the passage of the electric current through the body 
or the part injured arc peculiar in that the destruction of tissue is 
greater than appears when first seen. Therefore the exposure to dry 
heat from the radiant light or mild infra-red sources should be used 
for the first few days until the line of demarcation of tissue devitaliza- 
tion is clear. If extensive, a debridement should be done and the wound 
thus produced stimulated in its sluggish healing by elevation and by 
the use of the Bristow coil to produce smooth muscular contractions 
in the part involved. 

Later the use of skin grafting or plastics to overcome the defect 
must be kept in mind and not delayed too long. 


Bursitis 

Acute bursitis results from a moderate injury or prolonged irrita- 
tion, especially in rheumatic individuals. TTic main symptoms arc 
local swelling, pain and limitation of motion in the Joint nearest the 
bursa. There is also local tenderness over the bursa, and if it is super- 
ficial there may be some redness of the skin. 

The treatment of an acutely inflamed bursa consists in the use of 
immobilization,^ heat, massage and, later, passive followed by active 
motion of the joint. 

The position for immobibzatlon in acute subdeltoid or subacromial 
bursitis should be one which completely relaxes the deltoid muscle, 
viz., full abduction and elevation. This should be maintained for two 
or three days, and then the use ot radiant light and heat for 20 to 
30 minutes two or three times a day should be begun. About the 
fourth or fifth day, light massage should follow one of the heat 
applications, and a few passive movements of the shoulder should be 
begun. When the bursa has reached the subacute stage, and the local 
tenderness has subsided sufficiently to permit the application of elec- 
trodes, diathermy through the bursa should be used daily. A current 
strength of 400 to 500 ma , allowed to flow for 20 minutes and fol- 
lowed by a few minutes o massage and a little acUve motion, will 
favor a more rapid absotpUon of the exudate and the prevention of 
contractures and atrophy in the shoulder muscles. 

Other bursae may be treated in like manner usually with satistactorv 
results. If, however improvement not take place within a reasom 
able time, surgical intervention is indicated. 

INTRA-ARTICITXAR INJURIES 

In the intra-articular group of injuries it is again pertinent to assert 
that the traumatherapy of acute joint lesions is diverse a^d 41 
Xsical therapy is only one branch thereof, not the sole 
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In fact, the treatment of internal injuries of joints is largely surgical, 
the use of physiotherapeutic procedures being chiefly an aid in the pre- 
operative or postoperative treatment. 

Synovitis 

Any trauma directed at a joint, such as a blow, wrench, twist or 
any forced movement beyond the normal range of motion of a joint or 
the overuse of an abnormal joint, may result in a synovitis. The 
trauma, however, must be severe enough to produce a disturbance in 
the synovial membrane. 

The characteristic signs are, of course, the presence of fluid in the 
joint, muscle spasm and pain, and limitation of motion. Usually there 
are also the signs or symptoms of some extra-articular injury or injury 
of adjacent soft parts. 

The primary indication in an acute synovitis is bed rest, with the 
part placed in the position allowing the greatest relaxation of the 
adjacent muscles, thus preventing further muscle spasm and pain. 
At times and for certain joints, immobilization with traction may be 
advisable. 

Inasmuch as many times the trauma may cause a hemorrhagic 
synovitis, aspiration of the fluid should be done promptly under proper 
aseptic technic and, following this, heat, either by moist compresses 
or from a radiant light and heat applicator, should be used frequently 
enough to reduce the pain and muscular spasm. Later, diathermy may 
be used with benefit in those joints which are accessible to this form 
of deep heat. Its use requires skill and care. 

Galvanic and faradic stimulation of the affected muscles, if there 
is much loss of muscle tone or relaxation of ligaments, will help to 
restore the joint integrity, as will also daily massage of 5 or 10 
minutes. 

Motion should be urged from the beginning, passive at first and 
very slight; later, active and increasing in range. 

Cartilage Lesions 

Laceration, fracture, dislocation and calculi (loose bodies) within 
the joint are essentially surgical in their treatment. 

The physical therapy of these conditions is directed tow’ard the 
• associated trauma to other nearby structures rather than to the intra- 
articular condition, or else it is used as a postoperative aid in facilitat- 
ing recovery. The measures most useful would be those already enum- 
erated in the treatment of contusion, sprain and synovitis. 

Inasmuch as it is of utmost importance to maintain proper tone in 
the muscles protecting the injured joint, the patient should be urged 
to contract these muscles even as early as the day of operation. After 
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removal of an injured cartilage of the knee joint, frequent drawing 
up of the kneecap or raising the extended limb off the bed for an 
inch the second day, two inches the third day, and so forth, serves 
this purpose well. At the end of a few days, slight active flexion of 
the knee joint can usually be done and this motion increased gradually 
from day to day. For those who are unable to perform these exercises 
actively, a few contractions daily of the quadriceps and the tensor 
fasciae femoris by means of the Smatl-Ilristow coil will insure a satis* 
factory maintenance of tone. This may be started ns early as the third 
day postoperativcly, if the nature of the supportive dressing permits. 
It has been the custom at the Post-Graduate and Reconstruction Hos- 
pital Unit to use a large loose dressing for these eases, no rigid immo- 
bilization being attempted, thus encouraging the patients to perform 
these movements from the outset of their convalescence. 

Fo; injury to the triangular cartilage of the wrist, similar treatment 
should be followed except that, between the seances, proper protec- 
tion and support should be given the disabled joint. Any exercises 
done should be performed with the hand in a position midway be- 
tween flexion and extension and on a horizontal level with the forearm. 

The development of a tendon synovitis, or tenosynovitis, secondary 
to a joint synovitis is not uncommon. These tendons which are in 
close contact with the synovial membrane, or which may be injured 
at the same time as the adjacent joint, must receive appropriate 
treatment. In certain locations, tendon sheaths may be the seat of a 
primary inflammation following an indirect injury or from overuse in 
a position of strain. 

For the secondary type of tenosynovitis, the treatment of the asso- 
dated joint involvement, if extended to include the nearby tendons 
and their sheaths, will improve the condition coincident ^vith that of 
the joint itself. The physiotherapeutic measures indicated have aireadv 
been discussed under synovitis of joints. ^ 

Foe the primary type, which occurs independently, and which is seen 
in such conditions as tenosynovitis of the long head of the bicens ns it 
passes through the investing sheath in the groove of the humeral W 
beneath the overlying deltoid muscle, support in a position of 
tion of the biceps, thermotherapy, diathermy, very little and verv liJu 
massage, and then the use of sinusoidal stimulation or graduallv !„ 
creasing passive motion should be used. This condition 
called "golfers’ shoulder,” is not infrequently most resistant to 
ment, and, for this reason, disability is frequently prolonged on. of ' 
all proportion to the degree of *e original injury. Too proWed im 
mobiliaation usually results m the formation of adhesions which 
be released by manipulation under anesthesia, and their te-fnrmT®‘ 
prevented by active physical therapy. Even then disabiUtv ■" 

may last for weeks. Recurrence from slight trauma is commo™ 
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In treating synovitis and tenosynovitis of the wrist and fingers, it is 
necessary to treat also the muscles of these tendons. It is useless to 
treat the condition locally in the WTist and finger joints. Immobiliza- 
tion in a position of dorsiflexion, by means of a removable splint, and 
the use of hydrotherapy are frequently successful here. The whirlpool 
bath and the contrast bath are used daily followed by careful mobiliza- 
tion of the affected joints. 

Tenosynovitis in the region of the ankle joint is not uncommon and 
is due to overuse of the feet and ankles after a period of inactivity, 
such as a long hike or climb in the spring after a winter’s inaction. 
The treatment consists in immobilization by strapping with adhesive 
for a week, using care not to encircle the limb or ankle, after which 
the measures just described for the treatment of wrist and fingers will 
usually suffice. 

Dislocations 


After the displacement is reduced, we are dealing essentially with 
an arthro-chondro-synovitis, plus a wound in the capsule. 

The indications are to reduce the swelling or inflammation and to 
prevent atrophy, ankylosis or deformity. Hence, the physical therapy 
demanded is practically the same as that already described for syno- 
vitis: heat, massage and motion. Here again caution is the guide, and 
under no circumstances must the chosen modality leave the joint with 
prolonged pain, swelling, heat or redness. If these sequelae of inflam- 
mation occur, then the treatment has been more harmful than helpful. 

The heat may be applied in the form of compresses or toweling, used 
at very frequent intervals or continuously, the moisture and heat being 
retained as already outlined. Hot immersions can be substituted for 
suitable joints, the temperature being maintained at iio° F. 
(43-33° C.). 

Traumatic Arthritis 


An injury to a joint that is the seat of a quiescent arthritis or in 
which old arthritic changes are present may cause an acute exacerba- 
tion of the arthritic process. There is usually an associated synovitis 
and an inflammation of the periarticular structures caused by the 
traumatic insult. 

The treatment consists of rest; support; heat, moist or dry, for the 
first few days, followed by motion, passive at first, but soon changed 
to active after the fashion already described. Later, exercises of the 
resistive variety will aid in preventing atrophy and deformity if one 
remembers that undue zeal is harmful and not helpful. ’ 

Bed rest is, of course, essential when this condition occurs in anv 
of the weight-bearing joints. It should be enjoined until all acute 
symptoms have subsided, when a veiy gradual resumption of activity 
IS permitted. In the other joints, rest, by means of support or splints 
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removal of an injured cartilage of the knee joint, frequent drawing 
up of the kneecap or raising the extended limb off the bed for an 
inch the second day, two inches the third day, and so forth, serves 
this purpose well. At the end of a few days, slight active flexion of 
the knee joint can usually be done and this motion increased gradudly 
from day to day. For those wlio arc unable to perform these exercises 
actively, a few contractions daily of the quadriceps and the tensor 
fasciae femoris by means of the Smart-Bristow' coil will insure a satis- 
factory maintenance of tone. This may be started as early as the third 
day postoperativcly, if the nature of the supportive dressing permits. 
It has been the custom at the Post-Graduate and Reconstruction Hos- 
pital Unit to use a large loose dressing for thc.se cases, no rigid immo- 
bilization being attempted, thus encouraging the patients to perform 
these movements from the outset of their convalescence. 

Fo; injury to the triangular cartilage of the wrist, similar treatment 
should be followed except that, between the seances, proper protec- 
tion and support should be given the disabled joint. Any c.xercises 
done should be performed wlh the hand in a position midway be- 
tween flexion and extension and on a horizontal level with the forearm. 


The development of a tendon synovitis^ or teuosynovith, secondary 
to a joint synovitis is not uncommon. These tendons which arc in 
close contact wth the synovial membrane, or which may be injured 
at the same time as the adjacent joint, must receive appropriate 
treatment. In certain locations, tendon sheaths may be the scat of a 
primary inflammation following an indirect injury or from overuse in 
a position of strain. 

For the secondary type of tenosynovitis, the treatment of the asso- 
ciated joint involvement, if extended to include the nearby tendons 
and their sheaths, will improve the condition coincident with that of 
the joint itself. The physiotherapeutic measures indicated have already 
been discussed under synovitis of joints. 

For the primary type, which occurs independently, and which is seen 
in such conditions as tenosynovitis of the Jong head of the biceps as it 
passes through the investing sheath in the groove of the humeral head 
beneath the overlying deltoid muscle, support in a position of relaxa- 
tion of the biceps, thermotherapy, diathermy, very little and very light 
and then the use of sinusoidal stimulation or eraduMivIn 
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massage, and tnen me use s,..usu.ua. sumurauon or gradualjy in- 
creasing passive motran should be used. This condition, sometimes 
called “golfers’ shoulder,” is not infrequently most resistant to treat- 
ment, and, for this reason, disabihty ts frequently prolonged out of' 
all proportion to the degree of the original injury Too prolonged im- 
moWIisation usually results in the formation of adhesions which must 
be released by manipulation under anesthesia, and their re-forniaUon 
orevented by active physical therapy. Even then disability a„4 
may last for weeks. Recurrence from slight trauma is common ^ 
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PHYSICAL THERAPY IN JOINT SURGERY 

A. Chronic Joint Injuries 

B. Operative Joint Conditions 

Hahrv E. Mock, M.D, 


PROBLEMS IN PRESERVATION OF JOINT FUNCTION 

Preservation of joint function following an injury to, or operation 
upon, a joint presents one of the commonest and often one of the most 
difficult problems in surgery. It is surpassed in difficulty only by the 
problem of restoration of joint function after it has once been lost. 

Rarely does serious injury occur In any part of the upper or lower 
extremities that one or more joints are not involved either directly or 
indirectly. Likewise in the great majority of permanent disability cases 
following trauma, the loss of function is referable to a joint involve- 
ment. The aftermath of many diseases also is one or more crippled 
joints. 

The purpose of this chapter is to stress those principles of recon- 
structive surgery and physical therapy which have been thoroughly 
proved as effective for preventing loss of function, or for restoring 
function in damaged joints. 

Few surgical offices or hospitals are adequately equipped to carry on 
the necessary treatment to preserve joint function. Even the surgeon 
treating a large number of these cases must constantly guard against 
slipping back into bad habits. He occasionally finds himself procras- 
tinating in the removal of a circular cast rather than taking the addi- 
tional time and assuming the arduous duty of directing and supervis- 
ing the mobilization of a joint, with the massage, manipulations, and 
muscle-training exercises necessary to maintain good function in the 
joint and muscles while an adjacent fracture is healing. 

Multiplicity of Injured Parts. — ^Every joint has many component 
parts; thus it has its cartilages, adjacent bones, synovial sheath 
and capsule, usually one or more bursae adjacent to or communicat- 
ing with the joint proper, ligaments, tendons, and the soft tissues sur- 
rounding it. 

In every joint injury more than one of, and frequently all these 
component parts may be traumatized. These different tissues often re- 
quire different forms of treatment, special attention, and careful pro- 
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so as to relieve pressure or drag on the injured joint, should be imme- 
diately instituted. 

The application of heat then follows, moist or dry, according to the 
circumstances and the accessibility of the joint. 

The use of diathermy through those joints usually improves the 
local circulation and hastens a subsidence of the inflammation. It is 
to be advised daily, for 20 to 30 minutes, and followed with very 
light massage. 
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As soon as possible, passive movements of the joints throuah a 
range of a few degrees should be done. Active motion can also be 
started simultaneously or after passive motion has previouslv 'Wed 
the way.” These exercises should gradually be increased dnilv ,,ntn 
the normal range ™“on m the joint can be approximated How 
ever, no haste should be made in the effort to regain the full 'fiSrinn 
and extension in the joint by forcible manipulations, otherwise 
damage may be done to the joint and the purpose of the LerefS 
defeated. . 

A summary of the physical agents used in the treatment of ♦ 
joint injuries may be made in chart form as shown in Fiuure t 
use of heat, either of the dry or moist variety or that produced .1 
X massace: lisht. as from tTio e,,,.. _ eiec- 
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Position of Immobilized Joint. — ^Again, the position in which the 
injured joint has been immobilized may be responsible for the occur- 
rence of late lesions, necessitating a change from the original diagno- 
sis and often a change in treatment. Thus a simple dislocation of the 
shoulder joint or a fracture of the humerus is too often immobilized 
\nth the arm tightly adducted to the side of the body and held thus 
for two to eight weeks. ^\Tien mobilization is attempted, it is found 
that the arm cannot be abducted over 30® from the body; that eleva- 
tion beyond that point causes great pain; and that the strength of 
the limb is markedly decreased. Unless proper treatment is instituted 
at once, with the complete abduction of the arm as the objective, the 
deformity becomes permanent. 

This condition of the shoulder following trauma in or about the joint, 
or even in the upper extremity, is so common that it could be given a 
definite, yet simple, diagnostic title, namely, ‘'stiff shoulder following 
injury.” In many cases this title could be changed to “stiff shoulder 
following treatment,” for in the majority of instances the wrong method 
of prolonged fixation of the arm in the adduction position is respon- 
sible for the condition. The same Is true of immobilization of other 
joints in a position which fails to protect the weaker group of muscles. 

CLASSIFICATION OF JOINT INJURIES 

This multiplicity of structures involved in every joint trauma and 
the injury to certain other parts In or surrounding the joint, the result 
of treating the major condition, make it almost impossible to classify 
joint injuries without a certain amount of descriptive matter accompa- 
nying it. A classification which I use and which helps me to visual- 
ize the pathology and therefore treat injured joints with more serious 
respect than formerly — a classification which views every injury to 
an extremity as a potential loss of joint function — follows: 

A. Intra-Arthritic : 

1. Contusion of the joint cartilages, a traumatic arthritis; example, 
a fall on the extended limb, driving the articular surfaces together. 

2. Contusion, with dislocation or tearing of the articular cartilage, 
or with fracture of the joint margin, as the edge of the acetabulum or 
of the glenoid fossa. 

3. Tearing of the internal ligaments of a joint, often with a partial 
or complete tearing off of an articular disc or meniscus. 

4. Tearing of the internal ligaments with fracture, as tearing off of 
the tibial spine with rupture of the anterocrucial ligament. 

_ 5. Infection within the joint following trauma, causing a destruc- 
tion of the joint surfaces, a destructive arthritis, or a proliferation of 
bone, a proliferative arthritis, or the formation of pus uithin the inint 
a suppurative arthritis. i h 
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Physical Therapy in Joint Surgery 

tection against further trauma because of some measures directed to 
another part of the joint; and one or all of the muscles attached about 
the joint may be involved and the effects of tliat involvement may 
spread up or do\vn the muscle sheath, damaging a part of or the en- 
tire muscle. 


Diagnosis. — Failure to grasp this multiplicity of injured parts in 
every joint trauma is responsible for many failures of complete diag- 
nosis. The lack of complete diagnosis Is often responsible for failure 
to secure complete restoration of (unction following good treatment. 

An important point to remember In the diagnosis of joint injuries 
is the slow development of certain lesions, or, more often, the develop- 
ment of evidence demonstrable by x-ray or physical findings is slow 
in appearing. Thus I often see patients three to ten weeks after the 
injury with statements from the doctors referring them as follows: “I 
am sending you a sprained knee” or “a contusion of the shoulder- 
joint; x-rays taken the day following the injury were absolutely nega- 
tive.” (Often the doctor sends the films with the patient to save the 
expense of additional x-rays.) On taking another radiogram, however, a 
beginning softening of the head of the bone, or a definite roughening 
of the joint surfaces with the early lippmg of an arthritis, or a thick- 
ening md even a calcareous deposit in one of the bursae surrounding 
the joint IS found. Thus one is able to make a complete diagnosis 
because he has seen the patient later after evidence has developed. 
The answer, of course is not to be satisfied with one x-ray film, but 
to guide the progress of the condition in the joint and its treatment by 
frequent recourse to roentgenograms. 

adequate splinting, or too prolonged splinting is oSten responsMe. ^ 

Lack of Training on Part or Technician .u -.u 

our broad, undefined references to the value of nhvsL'wu™'^’ 
traumatic cases, there has been developed a number ofnuS'- 
technicians, or more often, a surgeon has given his 
a little training in these methods; their experience howe™ 
been sufficiently broad always to beget good judgm’em Tn ,1. 

More than one of my failures to obtain a good funrtin "in 

been due to over-enthusiasm on the part of some techni?® 

her to institute too early severe massage, and too earlv f ’ .’““‘"S 

tempts to secure motion, plus ray failure to instruct her 

and to supervise the treatment in the given case Ton n 

physical therapy is a very common cause for late patholol^ ™ 

conditions. ” ““"y 
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5. Bursitis: 

(a) Contusion of the mucous surfaces of the bursa followed by 
innammation, transudate, exudate, and often by calcareous 
deposits, frequently spreading to the joint when the bursa 
communicates with same 

(b) Inflammation in the bursa may spread to the underlying 
joint and give rise to an arthritis 

(c) Limitation of motion in the joint, due to pain from the 
process in the bursa, may cause contraction of tissues about 
the joint, accompanied by spread of the process from the 
bursa to the adjacent tissues, resulting in an adhesive peri- 
arthritis and arthritis 

6. Tenosynovitis: 

(a) Jlay act the same as a bursitis; example, tenosynovitis 
of the long head of the biceps which communicates wth the 
joint 

C. Indirect Arthritic-Periarthritic : 

1. Indirect involvement of the joint following injury to the bones, 
muscles, fascia, skin, nerves, blood-vessels, or lymph channels in the 
same limb 

a) Fractures in the adjacent shaft or in some bone of the 
extremity, necessitating prolonged fixation with prolonged 
immobtlization of the joint 

(b) Tearing off of the tuberosities about the joint by muscle 
contraction 

(c) Injury of the muscles controlling joint movement, the re- 
sult either of direct trauma or of treatment 

(d) Tearing or rupture of tendons 

(e) Scars and contractions of the fascia 
({) Scars and contractions of the skin 

(g) Loss of muscle control following nerve injuries, as wrist- 
drop 

(h) Infections spreading to the joint proper or destroying tis- 
sues aiding in joint function 

(i) Severe crushing or tearing injuries which may involve all 
these tissues 

(j) Atrophy and contraction of tissues about a joint folloning 
prolonged treatment of any of these conditions occurring in 
the same extremity 

2. Indirect involvement due to injury in some distant part of the 
body 

(a) Infection resulting in multiple infectious arthritis 

(b) Failure to protect joints during prolonged treatment of 
some distant conditinn, as in hemiplegia or cord injury 
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6 A svnovUis, the iniection or irritation limited 
Unhigot the joint and present to more or less degree in all o! the abo 

PrSsisling joint disease aggravated by trauma, as an old arthri- 
tis’ or a synovitis existing beiore the injury occurs. 

B. Direct Arthritic-Periarthritic: 

I. Sprains! i* * 

(a) Incomplete tearing oi one or more ligaments 

(bj Tearing ot a ligament, with tearing oft of a small iras’ 

^ ment ol periosteum, a condition sometimes tollovvcd by myo- 

sitis ossificans , > 

(c) Tearing off of ligament, periosteum, and small piece oi 
bone at the site of attachment—a sprain-fMCture 

(d) All these accompanied by more or less transudate, exudate, 
and hemorrhage into and about the joint 

2 Partial or Incomplete Dislocations: 

(a) An incomplete tearing of the joint capsule with a varying 
amount of subluxation, although subluxated bone may return 
to a normal position at once 

(b) Usually accompanied with a sprain. A common example 
^ is the baseball finger 

X. Dislocations: ^ , ;u 

(a) Complete tearing of some portion of the joint capsule, wun 
(^splacement of the head of the bone from its normal position 

(b) Always accompanied with more or less sprain and with 
^ transudate, exudate, and hemorrhage 

(c) May be accompanied with contusion of joint surfaces— a 
traumatic arthritis 

(d) Often followed by involvement of the synovial sheath and 
the involvement may extend into the bursae 

(e) May temporarily or permanently injure blood-vessels and 
nerves by direct violence or pressure from the displaced bone 

f i) May be followed by recurring dislocations from permanent 
damage to the joint capsule 

(s) May be followed by contraction of capsules, agglutination 
of joint surfaces, overcontraction o! strong group of muscles 
attached about and controlling joint movements or bony pro- 
liferation — a bony or fibrous ankylosis 

i Fracture Dislocations: • j u c 

(a) A dislocation accoi^ani^ by a fracture in or near the 
^ joint, OS a Iracttire through the anatomic or, more rarely, 
through the surpeal neck of the humerus with dislocation of 

the head of this bone; or fracture and dislocation oi the head 

of the radius; ot disloption o! the hip with fracture of the 
margin of the acetabuium 
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(d) Accidental or operative scars about the joint may b( 
sponsible for the stiffness 

(e) Due to a fibrosis: The fibrous adhesions within the ; 
following infection or a traumatic arthritis, or due to ai 
jury to a bursa communicating with the Joint proper, 
result in adhesions between the joint surfaces. Involvei 
of the bursa with thickening adhesions or infections, 
thickening of the synovia rvilh adhesions between the syn 
and the joint capsule, or extension of a low-grade infect 
process from any of these parts to adjacent ligaments, 
dons, and muscles may result in a fibrosis about the joi 

(f) Due to bony proliferation into muscle and soft tis 
about the joint, as a myositis ossificans 

GENERAL PRINCIPLES OF TREATMENT 

The general principles of treatment of joint injuries, involvin 
they do the best examples of reconstructive surgery, require the 
sidcralion of the following in every case: 

1. The prevention of permanent disability by early diagnosis o 
the parts Involved in the injury and by instituting at once a compi 
line of treatment aimed at the cure or protection of each injured \ 

2. Nonoperative or operative surgical procedures aimed at the 
toration of function when impaired. 

3. Use of all adjuncts included under physical therapy which 
aid in this restoration. 

4. Cooperation of the patient in every case. 

The day has passed when the treatment of a recent Joint in 
simply meant the reduction of a dislocation followed by immobiliza 
until the torn capsule had mended; the immobilization of a spra 
ankle with the foot held at right angles until the swelling and ten 
ness had all disappeared; or the immobilization of a fractured exti 
ity in a cast which endrcled the joint, leaving the latter immobil 
until the fracture had healed. Reconstructive surgery implies the n 
ration of function to a part to the greatest possible degree. \\Tier 
jured joints are treated from this vieivpoint, the prevention of los 
function becomes the paramount aim. 

Before proceeding to the consideration of special joint injuries, 
tain general principles involved in physical therapy and nonopera 



G rObipter 3 
Lvolumo II 


Physical Therapy in Joint Surgery 


T>. Functional: 

1. Loss of joint sense from prolonged disuse 

2. Hysteria usually simulating a stiff joint 

3. Hysteromalingering, or one in which signs of a traumatic hysteria 
are still present or have been elicited in the past, but as these signs 
disappear, the patient intentionally fakes or simulates the condition 

4. True malingering usually following this stage of hysteromalingcr- 

ing 

You will note from this classification that only a few conditions are 
limited to within the joint. All other conditions following injuries of 
joints result in trauma both within and about them. 


The Stiff Joint 

The pathology of the stiff joint must be thoroughly understood by 
the surgeon before he adopts the proper line of treatment. A further 
classification due to pathology developing after the acute trauma is 
therefore indicated: 


E. 


Arthritic-Periarthritic Ankylosis: 

. The stiff joint due to bony ankylosis 

(a) Damage to the joint cartilages, with or without infection, 
resulting in destruction of the cartilage and proliferation— 
an osteo-arthritis 

(b) Interference with joint motion due to damage to the bony 
parts, such as a fracture into or near the joint with result- 
ing bony deformity, or to bone infection with resultinc bony 

deformity ** ' 


. Stiff joint due to involvement of the soft tissues 

(a) Due to a contracted capsule 

(b) Due to contracted ligaments 

(c) Due to foreshortened muscles: Thus in a partiallv flexed 
knee the flexors have never been fully stretched durinn the 
entire time of partial flexion; there is no question that these 
flexors have undergone an adaptive shortening At the seme 
time the overstretched extensors have become Wkened ^ 
other example is the adaptive shortening of the pectonlis 
major, teres major, and latissimus dorsi when the arm is held 
in an adducted position for a long period, accommn L u . 
the thinning, loss of elasticity, and atrophy froSiW 
the overstretched abductors-the deltoid: the sZatfns, 
and teres minor muscle Thus the adaptive shortenW of 
contracted muscles and the wasting of overstretched ® i 
attached about, and involved in, the joint movemmfe ,5' 

a most important part in the making and perpetuS t 
stiff joint h ot a 
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and the general condition of the patient will permit, the patient is 
allowed up in a wheel chair and shortly is alloned to walk, even though 
the joint still shows some suppuration. This mobilization treatment of 
suppurating joints has had a great influence toward preventing joint 
deformities. 

Traction furnishes an excellent means of preventing contraction of 
the articular capsule and ligaments. No method of traction should be 
applied, however, that prevents the free assisted active and the active 
e.xercise of the joint, at least once a day. This is often difficult in the 
case of badly displaced fractures in the neighborhood of a joint. Such 
a condition may require complete immobilization for possibly two 
weeks, but by the end of that time reduction and sufficient fixation of 
the fragments should be present to permit at least massage and slight 
manipulation of every joint in the given extremity. 

At times it seems absolutely necessary to encase an entire extremity 
in a plaster cast and leave it so encased for eight weeks or longer, in 
order to hold the fractured long bone sufficiently immobilized to give 
union. The stiffened joints which follow such treatment may ultimately 
be overcome, but the period of disability is undoubtedly greatly 
prolonged. The use of Thomas’ or Hodgen’s leg and arm splints, of 
Jones’s arm splint, and similar splints, combined with traction, often 
skeletal traction, has eliminated to a large extent the need of circular 
plaster of paris casts. This treatment furnishes the opportunity of 
manipulation and passive massage, and assisted active and active 
exercise of adjacent joints, with the result that when the fracture has 
healed, function has already been largely restored. In many cases, 
especially ambulatory ones, plaster of paris must be used, but in such 
cases I prefer the plaster splint which can be removed daily, thus 
allowing exercise and manipulation of the adjacent joints. 

A few years ago I performed the following experiment to ascertain 
if traction really caused separation of the joint surfaces: 

A number of roentgenograms were made on joints in both injured 
patients and healthy individuals, first without and then with gradually 
increasing traction. Under the joint to be tested was placed a box 
into which the films could be slid without changing the position of 
the joint or extremity. The first film showed the joint at rest; the sub- 
sequent films showed the joint with traction applied to the extremity 
below. This experiment proved that traction did result in separation 
of the articular surfaces, although only to a slight extent. It also 
proved that excessive weight was not necessary and that it could not 
cause further separation after the maximum was attained. Prolonged 
traction probably increased the amount of separation. 


.Protection of Soft Parts.— This is one of the most important and 
ntost frequently overlooked principles in the treatment of joint trauma- 
tism or in the protection of adjacent joints in injury to an extremity 
An infected hand or injuries m or about the shoulder joint furnish two 
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genie Infection, the cartilages arc less apt to be destroyed if they arc 
kept separated. In suppurating joints which have been opened, trac* 
tion is likewise indicated but it must be frequently removed to allow 
assisted active and active movement. 

Suppurative arthritis offers an excellent example of operation fol* 
lowed by traction. Here drainage of the joint is indicated just as soon 
as the presence of pus is definitely ascertained. Aspiration may be nec- 
essary to prove its presence. Willems, of France, during the War first 
described the mobilization treatment of suppurating joints. In puru- 
lent arthritis of almost any joint, but especially of the bip, knee, and 
elbow joints, the joint is opened as near the most dependent portion 
as possible to allow free drainage of the pus. If necessary, bilateral 
openings should be made. The implantation of drainage tubes within 
such a joint is now almost imivcrsally condemned. A through-and- 



FiO. I.— Purulent arthritis of htp )Ojnl two ciRartlte drains do not enter tlie joint 
cavity but arc sutured to the cut edges of the joint capsule * 

through drainage tube usually means dralruction of the joint cartilage 
and bony ankylosis of the >nv-olved joint. It a drainage lube seems 
absolutely necessary, it can he sutured to the cut edge of the joint 
capsule but should not be placed within the joint proper (Fig i) 

If because of muscle contraaion, thickening of the joint capsule or 
the excruciating pain accompanying the condition, the limb has ’al- 
ready assumed a deforming position, traction is definitely indicated 
to straighten out the limb and overcome the deformity. The tract on 
should be removed two or three times a day from the first day follow" 
ing the operation and the jMticnt is urged to perform active motions 
of the joint at once. For the first fetv days it may be necessaiy ?o 
assist in these active motion. As soon as the acute condition sub^des 
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of the best examples of this principle. I have seen the infected hand 
encased in a large hot dressing, with the fingers swollen and flexed 
and maintained for days in this position, \vilh the result that when the 
infection had subsided and the hot dressings were discarded, the 
fingers had become permanently flexed, due to contraction of, and 
fibrosis about, the tendons. Daily nuinjpulation of the fingers, prefer- 
ably active exercise, changing their positions frequently, would have 
prevented this condition. Even these preventive measures may not 
always succeed; therefore one should resort to physical therapy, such 
as the whirlpool bath and manipulation and massage of the fingers 
early and before the deformity becomes fixed. 

I have learned from sad experience that great attention must be 
paid to all joints in the upper extremity during the treatment of a 
hand infection by the use of large, continuous fomentations. When 
the application is made only to the hand, it is very easy for the weight 
of the dressing to cause a flexion in the wrist joint which, while it can 
be overcome, can also prolong a disability considerably. Likewise, 
fomentations applied to the hand and forearm can cause a certain 
amount of stiffness in both the wrist and elbow joints. A very im- 
portant observation, especially in older patients, is the damage which 
can be done to the shoulder joint by fixation of the hand and forearm 
and sometimes the arm for prolonged continuous fomentations. Such 
a patient usually lies in bed rvith the arm along the side of his body 
and held thus for days, while fomentations are being applied to the 
extremity. When these are finally discarded, the patient complains of 
pain and stiffness in the shoulder joint— a condition which may require 
weeks to overcome. The pathology here is due to the contraction of 
the adductors and the weakening of the abductor muscles. I think 
many of the cases of so-called “ascending neuritis” are due to this 
faulty position of the arm during treatment. To prevent this everv 
patient requiring fomentations js treated with his arm at a right anete 
with his body, and the internes and my associates are instructed io 
exercise every joint in the upper extremity, including the shn.ddlr 
joint, at least twice a day. The same condition follows the wearing nf 
a heavy cast on the forearm, or even the carrying of the arm ^ 
sling, unless these protective measures are taken. A similar dkahSuZ 
can develop in the shoulder joint following binding the arm to th^ 
for a prolonged period after a breast amputation. 

Cases do occur in which immobilization in a cast is ner»» 
to maintain apposition and fixation of fractured bones. Careful 
tion should be paid to the fixation of such an extremity vfith\ !,• 
to always protecting the weaker group of muscles, and just n. IS"' 
as possible, flexion, extension, and other active movements nf a- 
cent joints should be started. Here again I prefer a Thomas 
splint with traction in the treatment of such fractures, thus lnah?hS 
the daily and important exercisra of the shoulder and elbow ioint. ® 
of the knee and ankie joints. In the case of traction on the up 
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extremity for fracture of the humerus, the elbow joint should never 
be included in the traction strips. This is important, for the elbow 
readily stiffens unless it is exercised daily. For the same reason I pre- 
fer traction applied only to the lower end of the thigh, leaving the 
knee joint free for daily exercise Skeletal traction is, of course, best 
adapted to this principle (Fig, 2). 


Exercise and INIassage. — These two should, when possible, be com- 
bined. Passive exercise is rapidly being replaced by “assisted active 
exercise.” As the term indicates, this consists of a certain amount of 
assistance to the patient while he voluntarily performs certain move- 
ments. For example, the surgeon may place his hand under the knee, 
gently raising it while the patient is encouraged voluntarily to flex the 
knee until the movement becomes painful, or until the pain point is 
reached. Seldom should exercise be forced beyond the patn point. 
Whenever splints or traction bands have been applied across a joint, 
they should be loosened or removed at least every other day (better, 
every day) for the purpose of passive (or better, assisted active) 
motion, and massage of the joint and adjacent soft parts. Voluntary 
contraction and relaxation of the muscles encased in a plaster cast, 
splint, or. even traction strips, should be encouraged on the part of 
the patient several times a day. Even the wiggling of toes or fingers 
of an extremity so immobilized furnishes excellent and beneficial exer- 
cise. Exercise of the remaining extremities and abdominal muscles, deep 
breathing, and similar forms of general exercises should be encouraged. 
Light stroking m^sage of the joints and adjacent muscles, followed 
as soon as conditions permit by strong massage, will maintain better 
circulation and better tone in the muscles, and will hasten the restora- 
tion of function. This use of exercise and massage is one of the most 
important, though one of the most neglected, principles in the proper 
treatment of joint injuries. 


Necessity for Starting Physical Therapy Early.— F ew hospi- 
tals are suitably equipped for the proper use of physical therapy For 
this reason the majority of seriously injured cases, the ones neking 
this form of treatment most, do not receive adequate physical therapy 
until they become ambulatory and are discharged from the hospital 
Then it is either administered by some member of the family nr th? 
patient is referred to some doctor equipped to give physical therapy To 
secure the best possible results, these measures should be employed 
early. It is an axiom o rehabihtet.on (that is, the refitting of an injured 
individual for gainful occup^ion) that the surgical treatment aS 
rehabilitation methods should start almost simultaneously. Another 
axiom is that the earlier rehabilitaUon is begun, the better the reS 
Physical therapy and ^cupalion^ therapy are the two greatest ad 
juncts for restoration of fun^on in an injured part, especially rLint 
Thus, to delay the use of either of these until the patient has spent 
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therapy; and it is even developed in the body itself by various methods 
for therapeutic purposes. It plays an extremely important part in the 
restoration of Joint function. 

Diathermy. — This may be indicated if available. It is one of the 
best means of relieving the pain in a joint, and this form of application 
of heat commenced early will give excellent results in a synovitis, bur- 
sitis, and similar conditions so frequently accompanying joint injuries. 

Electrotherapy. — The use of a jaradic or a sinusoidal current to 
produce muscular contractions in an immobilized limb is an excellent 
means of furnishing exercise in order to prevent atrophy and wasting 
of the part. 

Occupational Therapy. — ^WTiile actual work may not be utilized 
early as an adjunct to the treatment of the injured joint itself, yet it 
can start in the form of bedside occupation as a means of keeping up 
the morale of the patient, of furnishing exercise to other parts of the 
body, and of diverting the patient’s mind from his injuries. In many 
cases it can be used at once for a definile remedial purpose. For exam- 
ple, a patient who will not wiggle or exercise his fingers when the arm 
is encased in a plaster splint will often use them when given a light 
job of basket weaving. Later, when he is out of bed and can go to the 
workshop (if one is provided in the hospital), the voluntary act of 
work will furnish the very best method of restoration of joint function. 


ISIuscll-Trainino Exercise. — ^To understand the real benefits of 
any of the above principles one must have a clear, concise understand- 
ing of muscle training. In the words of Jones of Liverpool, such exer- 
cises “must train the strong muscles to relax and train the weak muscles 
to contract.” Footdrop, wristdrop, and the stiff shoulder, the result of 
adduction treatment, all furnish the best examples of the value of 
muscle-training exercises. In such cases proper splinting, always with 
a view of protecting the weak group of muscles, combined with mas- 
sage and muscle training, will give a complete cure in the majority of 
cases and marked improvement even in those which are the direct 
result of a nerve lesion. 

Reeducation of muscle sense and joint sense requires voluntary 
effort on the part of the patient. The doctor and the physical therapist 
can show the way, but the patient, by persistent effort, must accomplish 
the cure. 

WTiile this muscle training is more frequently required in the late 
treatment of joint injuries, yet the earlier it is started, the better the 
result from the preventive standpoint. 


Nonoperative Treatment — Nonoperativc treatment of recent joint 

injuries is the rule in the niajonty of cases. A better understanding of 
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weeks, ^ and sometimes months, m idleness in the hospital, is to pro- 
long his disability and jeopardue the percentage of ids reiiabiiitation. 
• physical therapist technician is connected with the hos- 

pital, the massage and exercise described above can bo assigned to him 
or her under the guidance and close cooperation of the surgeon. A\^cn 
the surgeon onTO learns to cooperate with the physical therapist, his 
ingenuity will dictate belter mcthoils o! splinting anil of traction, with 
a view to leaving the part exposed for the necessary' physical therapy 


HyoBOTHEawy.— Hydrotherapy is often associated with heal, mas- 
sage, traction, and splinlagc. When the last two arc essential 

girts of the trea ment and when, in addition, some form of hydro- 

w siei' ttSy "<!»•« coDsWcrablc ingenuity to utnize 
both Large hot packs applied to a swollen or innamed joint may allevi- 
ate the condition more quickly and prevent a permanent stiffening, 
whereas if such a joint is encased in a plaster cast or plaster splint, 
this 15 impossjble. The KWpoof Bal/, k one of the ifest Scans o 
administering hydro herapy to an extremity. 1 have seen b?dly swollen 

fr^iiChrp^aiJe^nrs:^^^^^ 

■ whirlpool bath that slight active or assLprt 
instituted after this bath. In the absence of thf. wVtJi 
soaking the part in a local arm or leg bath or 
this purpose is very efficacious,U it fe ^3 

most hospitals are with apparatus suitable for * equipped 

an extremity. The whirlpool bath can be mad^bv baths to 

from the design shown in Figures 3 and 4 ^ plumber 

All physicians realize the importance of bathimr t • • 1 . 

soft and pliable, the pores are kept open and caniM^ ir 1^*” 
part in the body metabolism, and there Is a P^aymg their 

being following a good bath. After a hard day’s worh”^ Beneral well- 
hunt with the unusual exercise of climbing ovw lawrih,?’ ^ 
uneven ground, one comes in stiff and sore A o-oS '''alking over 
relieves this stiffness. Contrast this with the mt,, bath usually 
becomes tired, stiff, and sore from being held iri ®^fremtty that 

for weeks It receives only a desultory bath from Often 

often, because of the cast or other apparatus 
becomes thick, the muscles stiffen, and joint 
Work out some means of giving daily rather a nrS" impaired, 
such an extremity and you wil have gone far toward 
lem of preservation of joint function in the part ^ the prob- 

Heat.— H eat is the most frequently used men-s 
therapy. It is associated practically always with Physical 

It is contained in the hot fomentations and the hot h exercise, 
therapy; it is found in various forms of artifiaal La^ hydro- 

t'aiural hello- 
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therapy; and it is even developed in the body itself by various methods 
for therapeutic purposes. It plays an extremely important part in the 
restoration of joint function. 

Diathermy. — This may be indicated if available. It is one of the 
best means of relieving the pain in a joint, and this form of application 
of heat commenced early will give excellent results in a synovitis, bur- 
sitis, and similar conditions so frequently accompanying joint injuries. 


Electrotherapy. — The use of a faradic or a sinusoidal current to 
produce muscular contractions in an immobilized limb is an excellent 
means of furnishing exercise in order to prevent atrophy and wasting 
of the part. 

Occupational Therapy. — ^WTiile actual work may not be utilized 
early as an adjunct to the treatment of the injured joint itself, yet it 
can start in the form of bedside occupation as a means of keeping up 
the morale of the patient, of furnishing exercise to other parts of the 
body, and of diverting the patient’s mind from his injuries. In many 
cases it can be used at once for a definite remedial purpose. For exam- 
ple, a patient who will not wiggle or exercise his fingers when the arm 
is encased in a plaster splint will often use them when given a light 
job of basket weaving. Later, when be is out of bed and can go to the 
workshop (if one is provided in the hospital), the voluntary act of 
work wll furnish the very best method of restoration of joint function. 


Muscle-Training Exercise. — To understand the real benefits of 
any of the above principles one must have a clear, concise understand- 
ing of muscle training. In the words of Jones of Liverpool, such exer- 

<■’ - . . 1 . • weak muscles 

, the result of 

■ ’ * . the value of 

muscle-training exercises. In such cases proper splinting, always with 
a view of protecting the weak group of muscles, combined with mas- 
sage and muscle training, will give a complete cure in the majority of 
cases and marked improvement even in those W’hich are the direct 
result of a nerve lesion. 

Reeducation of muscle sense and joint sense requires voluntary 
effort on the part of the patient. The doctor and the physical therapist 
can show the way, but the patient, by persistent effort, must accomplish 
the cure. 

While this muscle training is more frequently required in the late 
treatment of joint injuries, yet the earlier it is started, the better the 
result from the preventive standpoint. 


Nonoperative Treatment — Nonoperative treatment of recent ioir 

injunes is the rule m the majority of cases. A better understanding ^ 
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when operative interference h indicated, however, will prevent some 
ol the commoner persistent joint disabUitics which nre frequently seen 
following injury. Before taking up these indications for operative treat- 
ment, I will first give some of the general principles of nonoperativc 
treatment as illustrated in certain types of joint injury. 


Recent Dislocations. — Mobility should be maintained from the 
outset, provided the damage to the soft parts lias not been so great 
as to allow redislocation. Dislocations of the hip, knee, and ankle 
joints require rest, in bed or by the use of crutches, until the local 
damage has been repaired; whereas dislocations of the shoulder, elbow, 
and wrist joints may be treated as ambulatory cases almost from the 
start. If, in the surgeon’s judgment, the dislocated joint seems to require 
some protection for a short period, he will find that in the case of the 
hip, knee, and shoulder joint, complete rest in bed for one or two 
weeks is preferable to some cumbersome splint or plaster cast. If 
ambulatory treatment is used from the start on the smaller joints or the 
shoulder joint, the surgeon may feel that some form of plaster spHnt or 
adhesive strapping is indicated for additional protection. Any of these 
methods are permissible, provided they do not completely immobilize 
the joint or hold the extremity in a fixed position to the detriment of a 
weaker group of muscles. 

In all dislocations one must keep in mind the possibility of a con- 
comitant small fracture, severe hemorrhage into the joint, a marked 
synovitis with effusion, a bursitis, or an injury to the adjacent soft 
tissues, especially the vessels and nerves. Such conditions may require 
other and prolonged treatment. One is sometimes surprised to find a 
patient whose dislocation he has reduced and treated for two or three 
weeks and whom he thinks has returned to work, still suffering the 
same obscure disability about the joint two or three months later 
This delayed recovery is usually due to failure to diagnose the con- 
comitant pathology. Every dislocation should be x-rayed at once and, 
unless complete recovery and use are present at the end of three or 
four weeks, another radiogram should be taken. It is not infrequent 
for this later x-ray to show a ^gmnmg arthritis or a bursa filled 
with calcareous deposits. The early use of physical therapy will relieve 
or prevent many of these accompanying conditions, 

SvNoviTis. — So many different yievra are held concemine the best 
treatment of synoyiUs following joint injury that one hesitates to 
vance his pet method as the best I bd.cve the degree of trauma and 
the degree of reacuon m the synowal membrane_<.„„ditio„s rvhich 

cannot readily be evaluated-^determrue the promptness of recover? 

more frequently than the siwcird methods of treatment. I do not be 
lieve prolonged plaster splint is 

ever indicated. Neither do I beheve that the mmediate active p" of 
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such a joint is always indicated, except in those mild cases of synovitis 
with slight effusion. 

The knee joint is the commonest site of synovitis with effusion. 
When a patient with a marked synovial effusion presents himself early 
after the trauma before pain and arthritic symptoms have become pro- 
nounced, immediate aspiration of this knee joint followed by immediate 
use is often indicated. Frequently one aspiration is sufficient. If the 
effusion recurs, the patient is put at rest in bed, the knee joint is 
aspirated, and hot fomentations are applied, combined with gentle 
active movements. The early case will often yield to aspiration and 
immediate use of the leg. The late case will yield better to aspiration 
followed by no weight-bearing but gentle active motion, combined with 
continuous heat to the joint. Biathermy is an excellent method of 
applying heat to the synovitis case. In certain rather prolonged chronic 
cases where the synovitis and effusion seem to subside until the patient 
is allowed to walk on the leg, when it again recurs, I encase the knee 
in a tight knee jacket made of leather, removing it daily for exercise 
of the joint and diathermy treatment. Usually the patient is allowed 
to remove this after retiring to bed at night. I do not believe that the 
rather e.xtensive operation of synovectomy Is indicated in such cases, 
as practically all of them will yield to the above treatment if the treat- 
ment is continued long enough. Old, well-established cases of hyper- 
trophied synovia and villous arthritis may require synovectomy be- 
fore function can be restored.* 

Many other joints besides the knee joint can be the site of a syno- 
vitis. Persistent swelling about such a joint with very little pain and 
negative x-ray findings is often due to an effusion within the synovial 
sheath. When the swelling is large, aspiration is indicated. Heat and 
gentle exercise should follow the aspiration. Reaspirations are often 
necessary when the effusion recurs. 

Sprains. — Immobilization of a true sprain will usually result in 
a cure. Frequently, however, the atrophy of the muscles about the 
joint and the stiffness resulting from disuse prolong the disability 
unduly. I prefer to treat such an injury by placing the patient on 
crutches to prevent weight-bearing and by starting hydrotherapy in 
the form of alternating hot and cold whirlpool baths, or ice-bags 
alternating with hot water bags, and the use of diathermy. The pa- 
tient is encouraged to move the joint voluntarily many times a day. 
I have seen many cases of sprained ankle recover completely within 
two weeks under this treatment. In a badly swollen sprained ankle, 
diathermy will often relieve the swelling and pain within one week and 
within another week the patient can discard his crutches. Cases 'with 
badly torn ligaments and undue lateral motion may require repeated 
strapping and a more prolonged course of the above treatment.^ 

1 See also Injuries to Semilunar Cartilace in Knee-Joivt Intures 

= See aUo Special Joints 
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Bursitis, Tenosynovitis. — ^These conditions, when seen early, 
yield more readily to diathermy and limited use of the part than to 
any other line of treatment. The majority of cases, however, are seen 
late when the patient comes complaining of pain, especially about 
the shoulder joint, and of inability to lift the arm. Often they state 
that they must have help to put on their coats. Such a case, if x-rayed, 
will frequently show calcareous deposits in the bursa or a little thick- 
ening over its site (Figs. 5a, 5b), It is not uncommon to find the point 
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atrophy are necessary in the more severe cases. Space will not permit 
going into detail concerning the treatment of these conditions, but it 
is most important that one recognize their existence early and that 
they should be treated as serious pathologic entities. It is surprising 
how persistent and how disabling a bursitis can become. The condition 
is dealt with by Ellis (Vol. II). 

Prepatellar bursitis and subtriceps bursitis over the tip of the olec- 
ranon will cause pain, swelling, and effusion into the bursa, but cal- 



Fic SB— Same case as Fig 5a shomiDg disappearance of deposit after sic weeks of 
physical therapy 


careous deposits are less prone to form. Aspiration of the bursa with 
heat, either hydrotherapy or diathermy, and rest of the part ’often 
by tight strapping directly applied over the bursa, will usually give 
Klief and a cure Bnrsitts in the deep posterior patellar bursa may 
be more persistent and often stmnlates or accompanies a synovitis 
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Bursitis, Tenosynovitis. — ^Thcsc conditions, when seen early, 
yield more readily to diathermy and limited use of the part than to 
any other line of treatment. The majority of cases, however, are seen 
late when the patient comes complaining of pain, especially about 
the shoulder joint, and of inability to lift the arm. Often they state 
that they must have help to put on their coats. SucIi a case, if x-raycd, 
will frequently show calcareous deposits in tlic bursa or a little thick- 
ening over its site (Figs. 5a, 5b). It is not uncommon to find the point 




Fig sa— L arne calcareous deposit in subdeltoid bursa No history of injury 

nf nain referred to the attachment of the deltoid to thp h^,n^ 

Sse of tenosynovitis of the long head of the Weens r ™'-’ 
'"eferred to the behy of the biceps or lower. The 
however, is over the site of the bursa or tendon. These rases sS 
be put at rest with the arm m an abducted or elevated pSinn a 
shoSld be treated with hot fomentations or w-ith diathermy “Ified 
daily. Exercise of the arm and massage ol the muscles to pfev' ^ 
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Operative Surgery. — In injuries to and about the joints {arthritic- 
pcriarthritic) the indications for both operative and manipulative 
surgety increase in number. In such conditions one oi the earliest 
indications is to relieve the marked swelling as soon as possible, other- 
wise disastrous results may follow. This distention is usually due to 
hemorrhage and exudate m and about the joint. I have seen hands 
greatly distended from hemorrhage and exudate following severe 
crushing injuries without lacerations, and they have remained in this 
swollen condition until a marked fibrosis and agglutination of all the 
parts occurred with resulting complete and permanent loss of func- 
tion, The foot and ankle joints are frequently the site of a similar 
destructive swelling, and so is the elbow. Therefore, when a markedly 
distended joint fails to respond within a very few days to applications 
of heat and cold and to rest, or when aspiration has failed, one should 
make incisions sufficiently wide to evacuate the hematoma in and 
about the joint. If infection has developed with formation of pus, 
evacuation of course is indicated. 

Observation of a large number of joint injuries leads one to recog- 
nize certain conditions which may be left to nature to repair while 
others, if let alone, will undoubtedly result in more or less limitation 
of (unction. A fracture of the distal end of the ulna or of the styloid 
process may be let alone, and even though union occurs with con- 
siderable deformity, wrist-joint motion is not limited; but a fracture 
of the distal end of the radius must be reduced and restored prac- 
tically to normal, otherwise a marked loss of wrist-joint function will 
result. A fracture of the head of the radius without displacement may 
also be let alone, but movements of the elbow joint may be started 
almost at once and increased until, by the end of ten days or two 
weeks, full elbow function is obtained. On the other hand, a fracture 
of the head of the radius with dislocation of the proximal or joint 
portion usually requires operative treatment. 

The use of calipers in the treatment of fractures in and about the 
joints is becoming more and more a recognized operative method. It 
allows of passive rfpd^active exercise of the joint while the fracture 
is healing, and has resulted in a marked reduction in the length of 
disability by shortening the period of restoration of function. Like- 
wise the percentage of permanent disability in most cases is reduced. 

Recurrent dislocations also require operative procedure. Here the 
capsule must be foreshortened or a definite rent in it must be repaired 
usually by some form of imbrication. ’ 


A badly displaced trochanter, malfeolus, tuberosity, .or condvle 
may require open operation When the deformity is reduced the frac 

periosteum 

or through drill holes, or by use of an ivory, beef bone, or autogenous 

'““e fragment and in^o 

the bone. After two to four weelts, this nail can be removed 
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Contusion, Swelling, Hematoma. — Contusions of and about 
the joints, persistent swelling and hematomas in or about the joint, 
all tend to heal, no matter what treatment is given. The patient will 
always carry the extremity in the position that gives the least pain 
in the affected joint. This position is usually a faulty one from the 
standpoint of subsequent function. Contraction of the capsule and 
adhesions in and about the joint (a condition of fibrosis) usually pro- 
duce a prolonged and often permanent disability. Therefore all the 
procedures mentioned above under preventive and nonopcralivc treat- 
ment must be utili 2 ed in these conditions. Traction, heat and dia- 
thermy, massage and exercise, and above all, protection of the weak 
group of muscles by proper splintage, must here be brought into 
service. 


Operative Treatment. — Under this heading I wish to mention 
certain general indications and general principles for both open opera- 
tive and closed or manipulative surgical procedures in the treatment 
of recent joint trauma and its late sequelae. 


Open OvEVATiou.—Dhlocation of Ccr/iYcgc.—In the true intro- 
articular injuries only two or three conditions may arise that require 
open surgical treatment. In the case of a partial or complete disloca- 
tion of a joint cartilage, its removal is indicated if the disability shoivs 
evidence of becoming persistent. Undoubtedly there arc many cases 
of partial displacement of a meniscus which recover, but a true float- 
ing cartiiage, giving definite symptoms and once diagnosed, warrants 
removal. This can be done with less threatening consequences to 
future function by a small lateral or medial incision, or both, over 
the site of the cartilage, rather than by a radical opening of the joint, 
as in a patella-splitting operation in the case of the knee ioint. 

Joint Mice. ^Fragments of cartilage and bone torn from the margins 
of the joint may act as foreign bodies ivithin the joint and may have 
to be removed. These often become the joint mice which interfere with 
function. 

Arthrodesis.—k third intra-articular operative indication is in the 
few cases of injuries to joints where arthrodesis is indicated One mav 
be forced to resort to arthrodesis to stabilire a flail joint thh harfng 
followed a severe injury or, sometimes, an attempted arthroSitv 

Occasional y tuberculous mfection develops ta an injure ™foint and 
an arthrodesis may have to be considered as a means of ulUraaSy 
curing this condition. uiiinuieiy 

Arthrodesis has been advMated and utilUed by many in certain 
fractures of the os ca as where the fragments have beL so bad v 
displaced that they will not yield to other forms of treatment Exneri 
ence has tanght that many of h^ fractures are often pe™S?„Ti'; 
rli.;nblin2 and very painful. A late arthrodesis mav be 
some of^ these permanently disabling qs calds fraemres. 



Operative Treatment vSionViil 23 

abscess. There was also a case of double ankylosis due to a general- 
ized arthritis deformans in which both sides were operated on. 

Ankylosis oj the Elbow Joint . — ^My cases have followed fracture 
wth marked displacement of one or both condyles of the humerus; 
or fractures of the condyles with displacement of fragments into the 
joint; or fracture and dislocation of the head of the radius and frac- 
ture of the olecranon process. In all these cases repair had been fol- 
lowed by excessive callus. In a few cases severe crushing wounds 
about the elbow have accompanied the fracture or dislocation of this 
joint. Small tears in the periosteum in this region will frequently 
result in marked bony proliferation with bridging of the anterior 
surface of the elbow joint with new bone. Occasionally this bony 
proliferation extends into the muscles, giving the typical picture of 
myositis ossificans (Figs. 6a, 6b). As a result, it is better to wait 






Fig Cb —Bony fragments removed in Fig. 6a, 

until this proliferative process has ceased before resorting to arthro- 
plasty. The operation consists of removing the excessive callus and 
the displaced fragments of bone which interfere with joint function. 
Usually these fragments are a part of or ail the condyles or the head 
of the radius. As a rule, the bead of the ulna remains intact. Two 
incisions, a lateral and a medial, give the best exposure of the joint. 
For a complete arthroplasty, a posterior incision along the lateral* 
margin of the olecranon is employed Following the reestablishment of 
good motion in the elbow a piece of pedicled fascia can be removed 
from the upper arm and swung into the joint, or a free fascial trans- 
plant from the thigh may be used. In the majority of cases good results 
can be obtained tvjthont the use of a fascial transplant Immediate 
traction to keep the surfaces separated and early and continuous 
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Arthroplasty. — Arthroplasty performed on a joint which is anky* 
losed as the result of an old injury is a reconstructive operation that 
is growing in favor. It is considered here umlcr the arlhrillc-pcriar* 
thritic conditions because usually fascial transplants or other soft 
tissues play a part in the operation. 1 have obtained the best results 
in arthroplasties on the following joints in the order in which they 
are mentioned. 

Ankylosis oj the Tcmporomaxillary joint , — One case was the re- 
sult of a blow on the chin; one case of a fracture through the neck 
of the mandible; and one case of severe infection from a peritonsillar 
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Pic 6 a— M yos’tis ossificans dcxrtopinir m the tnceps tenrfnn ... 
olecranon The bony deposits pressed upon the ulnar nerve causing fractur 

Th'is roenipenoptam also shows the tip of the fractured olecnnon P®' 

imovTat ooewtion ehrht months pnor to thh film which w 
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A case which I had some five years ago furnishes one of the best 
examples ot this condition: 

Case I. — R. B. suffered a skull fracture and was in a comatose condition 
for x6 days When he regained consciousness, he complained of pain in 
the neck. Four weeks passed before restricted movements o( the right arm 
were noticed. I saw the patient 12 w'eeks after the accident. He had 
recovered from the skull fracture but complained of pain in the upper 
cervical region and inability completely to abduct or raise his arm. Weak- 
ness in the shoulder muscles was the chief complaint. Examination showed 
that the head was held slightly to the right side and that a mild condi- 
tion of wryneck was present. The supraspinatus and deltoid muscles were 
atrophied as compared with their fellows and the right shoulder was smaller 
and somewhat dropped Examinations of radiograms of the cervical region 
were apparently negative. These were then submitted to Dr. Hollis Potter, 
who pointed out a slight discrepancy in the relationship of the first and 
second cervical vertebrae. Ibe alias gave the impression of lying slightly 
forsvard in the lateral view'. 

With this slight subluxation of the first cervical vertebra as a possible 
e.xplanation of the patient’s condition, he was sent to the hospital and 
traction was applied to his head This relieved the pain which, however, 
recurred as soon as traction was discontinued. The patient was then an- 
esthetized and, with my hands placed on either side of his head, traction 
was made and the wryneck overcome by straightening the head; then, with 
traction maintained, the head was gently but forcibly bent forward (a 
movement which was impossible for the patient to perform). Almost simul- 
taneously with the beginning of this forward fiexion of the head there 
svas a definite snap in the neck which could both be felt by the operator 
and heard by several who were observing the procedure. Immediately 
resistance to movements of the head in all directions ceased. 

UTien the patient awoke from his gas anwthesJa, he could move his 
head, although there was some pain The next day he stated that the pain 
in his neck had ceased. He left the hospital two days later, free of wry- 
neck and pain and with normal head movements. Within two weeks he was 
using his right shoulder muscles normally. The atrophy disappeared within 
two months. 


Careful study of many of these obscure joint conditions will reveal 
slight subluxations, especially in finger joints, or slight adhesions 
within the joint, especially in the shoulder or knee joints, or a local- 
ized area of tenseness and swelling in a muscle over the joint. Often 
the condition results from a contusion, or a hematoma, with fibrous 
organization. These are the conditions which yield to manipulative 
surgery and in which manipulation is definitely indicated. Seldom if 
ever, should an anesthetic be given in these cases. It is better to repeat 
manipulations several times than to run the risk of increasing the ioint 
difficulty. ® ^ 

Forced manipulalion of definitely ankylosed joints, either from 
fibrous or bony causes, under gas anesthesia, is never indicated Such 
mampulahon usually results in duplicating the original UaumTt 
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physical therapy arc as important as the operation in the rct^staWish* 
ment of joint function. Sometimes a small amount of lateral move- 
ment in the reformed joint follows, but the muscles of the arm and 
about the elbow soon learn to control this. 

Shoulder Joint. — Arlhropla.sty of the shoulder joint is successful 
provided the foreshortening of the capsule, ligaments, and muscles 
can be overcome. Great effort should be expended in attempting to 
abduct and elevate the arm before resorting to this operation. In 
many cases good function will thus be reestablished, obviating the 
need of operation. I have removed the excessive callus, a portion of 
the head, and the badly displacetl fragments in several cases, and 
have followed the operation by traction and physical therapy, 'wlh 
some excellent results in functional restoration in this joint. Com- 
plete arthroplasty is seldom indicated. 

Knee /oi'id.— Arthroplasty of the knee joint is indicated in selected 
cases. In severe fractures into this joint, with bony ankylosis which 
has obliterated all signs of the joint surfaces and with the leg in 
fairly good position, it is never indicated. Stability of the knee joint 
is the first consideration, and the risk of giving a flail joint in such 
cases must be borne in mind. In cases of bad displacement, such as 
a marked flexion of the lower leg with a stiff knee joint, especially in 
younger individuals, the operation may be performed. 

Hip Joint . — Arthroplasty of the hip joint is occasionally indicated, 
and here again, in selected ca^s, it Is successful. The reconstructive 
operation of Albee gives promise of success. The effort to remold the 
acetabulum and the head of the femur followed by early physical 
therapy has been partially successful in two of my cases. 


Manipulative Subcery.— This is a term employed by Dr. A. G. 
Trumbull Fisher, of England, as the lilje of a small book which deals 
with obscure joint^ and skeletal conditions so frequently overlooked 
or considered as inconsequential by many surgeons It is a book 
which should be in every doctor’s library. 

Bone setters, osteopaths, and similar cultists have been successful 
where the more learned men of our profession have failed because 
they have learned the vmue of certain manipulative procedures. 
Trained physicians have this advantage over these others, namely, 
that they know when not to mampulate because of the dire results 
which may follow such a method. 

Subluxalions, or incomplete dislorations of certain joints, are far 
more common than is generally tcali^. Often these partial disloca- 
tions are so slight that they are unobserved by a study of the roent- 
genogram. Nevertheless, they .^use more or less continuous pdn or 
min on certain movements, slight swel mg, and restricted movement 
o( the joint, men occurring in a vertebral joint, the pain is often 
?ktred along the course of a nerve, and even atrophy and weak" 
ness of the muscles supplied by a nerve may be observed. 
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tween the teeth several times a day. The size of this cork should be 
enlarged at least every other day in order to increase the range of 
motion. 

Heat, usually in the form of large hot fomentations, followed by 
gentle massage, daily increased in force, should precede these efforts 
of prying the teeth apart and inserting the cork. 

Restoration op Function. — ^\Vhen a partial ankylosis has de- 
veloped, especially due to fibrosis of the soft tissues, heat, massage, 
and regular mouth exercises should be instituted several times a day. 
Here again the cork can be used to maintain every gain in motion. 
The chewing of wax or two or three sticks of chewing gum offers ex- 
cellent means of exercising these joints. 

Ankylosis is usually divided into an extra-articular fibrous type and 
a bony intra-articular type. The technic of operation was best de- 
scribed by Murphy, and his articles on the subject should be studied 
before attempting the procedure- In brief, it consists of exposure of 
the joint; removal of (he neck, or sometimes of the head and neck, of 
the mandible; swinging a pedicle flap of fascia from the temporal 
region and placing it between the joint and the end of the resected 
mandible; and closure and immediate traction by means of a cork 
or gag placed between the teeth of the affected side. There are many 
cases of ankylosis of the jaw on which this operation can be per- 
formed successfully. 

Heat, massage and exercise, as described above, must start early 
following this operation and must be persisted in until the greatest 
possible function is restored. 

Sternoclavicular Joint 

Treatment. — Maintenance of Reduction. — ^Partial or complete 
dislocations of this joint, although rare, are the commonest form of 
injury occurring here. Reduction of the dislocation is usually easy, 
but maintenance of this reduction is often extremely difficult. Force- 
fully pushing the shoulder of the affected side backward and upward, 
at the same time pushing inward on the head of the clavicle, reduces 
this dislocation. A pad of felt placed over the joint and held in 
position by tight strapping with moleskin adhesive while the shoulder 
of the affected side is held forward and erect by strapping will keep 
this joint in position. Some have advocated holding the arm raised 
until it is in contact with the cheek, with the forearm flexed over the 
head as a means of keeping the reduction in place. The arm must be 
maintained in this position for approximately two weeks. When this 
method is used, massage of the shoulder joint and elbow joint and 
muscle exercises should be instituted to prevent loss of function dur 
ing this period. 
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Temporomaxillary Joint 

followed by lacerations and hemorrhage in and about the joint, and 
on healing leaves even a more marked aftermath than previously ex- 
isted. These are the cases that require prolonged and painstaking 
physical therapy to restore function. 

Perhaps occasionally there may be a case of short duration in which 
the beginning ankylosis is definitely fibrous and in which the patient 
Avill not allow manipulation, where one is justified in giving an anes- 
thetic and attempting gentle, gradual, but forceful manipulation. 
Good results have followed such a procedure, but one must be adept 
in selecting these rare cases or he will damage many joints in trying 
to improve a few. 

When in doubt, use the slower, surer methods offered by physical 
therapy. 


SPECIAL JOINTS 

Since physical therapy procedures in acute joint injuries have 
been considered at length by Moorhead and Herring (Vo! II) the 
discussion here will be limited to those measures necessary to prevent 
deformity or to overcome causes 0/ dysfunction following joint injuries. 

Temporomaxillaby Joint 

Joint functions in a temporomaxillary joint are threatened in the 

presence of certain infections m or near this joint; in the case of 
severe injuries to the soft tissues about the joint; and in certain frac- 
tures involving a portion of the joint. ercain irac 

Infections.— Localized infections usually resulting in abscess for- 
mation. for example, in the^sdom tooth with severe alveXr access 
or extensive peritonsillar abscess, may involve this joint dhertlv or 
cause such severe scar formation penarticularly as to resol. in 
losis. Occasionally a generalized infection, for^examnle ^ 

infection, may attack this joint, resulting in ankylosis 
involved in a generalized arthritis deformans. ^ ■ It is often 

Trauma.— Severe blows or falls on the tip of the nt.in 
in a marked traumatic arthritis in one or both temnnr"”^^ ‘ 
joints, followed by bony proliferation with ankylosis 
tures of the coronoid or condyloid processes, with such 
placement that ankylosis of the healed fracture will resSt™'’ 

uncommon. ’ nvi 

Treatment.— P revention of ANKYj.osis._In any of th r 
conditions the surgeon’s first efforts must be directed toward .1,“°''® 
vention of this deformity. Movements of the mouth are enmn f”'? 
Daily the teeth should be pried apart and a small cork inserted' 
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In treating this dislocation, one should bear in mind the danger of 
loss of function by the prolonged immobilization so necessary to secur- 
ing a healing in this joint. Even with prolonged immobilization the 
results are often disappointing, the dislocation recurring all too fre- 
quently. 

Use of Splint. — In an incomplete dislocation, a peach-board tri- 
angular splint, giving approximately a 45 ° abduction of the arm, is 
placed in the carefully padded axilla. Pressure is made downward upon 
the dislocated clavicle and at the same time upward and backward 
pressure is made upon the shoulder until the reduction is complete. A 
felt pad is then placed over the acromioclavicular joint, and a firm 
strap of moleskin adhesive is placed around the shoulder over the pad 
and through the triangular peach-board splint, binding the angle of 
this splint tightly into the axilla. The triangular splint is held firmly 
to the side of the body by moleskin strapping and the arm is likewise 
strapped to the other leg of the triangle. The elbow is left free for 
movement. After two weeks the strappings are removed, and with the 
shoulder held in an elevated and backward position, massage is given 
to the arm and shoulder girdle. The splint is then reapplied. The 
patient is asked to report every third day for this massage treatment. 
After four weeks very slight passive and active motion can be started 
in the shoulder joint. The elbow is left free from the splint and is exer- 
cised daily by the patient. After six to eight weeks the splint can be 
left off and heat, massage, and exercise applied to the shoulder girdle, 
with a view of getting complete abduction and elevation of the arm. 


Operation. — In the case of complete dislocation, especially in 
working men, it is far better to operate immediately upon this dis- 
located joint than to attempt the prolonged immobilization necessary 
to secure a questionable result. 

Many operative procedures have been advocated for this disloca- 
tion. The best method consists of drilling holes between the acromion 
and clavicle suturing these two directly together, combined uath a 
ligamentoplasty, closing the ligaments firmly across the joint. Fol- 
lowing operative procedure, immobilization upon a triangular peach- 
board or a irire splint, or the use of a regular airplane splint, is far 
better than a Velpeau or Sayre dressing. ^Yithin two weeks following 
the operation, the massage and e.\erdse advocated above should be 
instituted. Usually six weeks of immobilization are sufficient in 
operative cases. 

Shoulder Joint Injuries 


In all cases referred to me because of stiff or painful joints follon-inff 
injury, the shoulder joint is by far the most commonly affected exceot 
mg those numerous and aggravating conditions developing about the 
lumbar and sacro-ihac regions. In taking the history of these cases and 
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Acromioclavicular Joint 


Operative Procedure. — In old dislocations or in dislocations that 
cannot be overcome by closed treatment, operative procedure is indi- 
cated. The joint is opened by a semilunar incision with its base 
upward. The dislocated head of the clavicle is reduced, followed by 
the suturing of the torn anterior ligament from the sternal side over 
to the ligament and periosteum attached to the clavicle. In one case I 
used a piece of fascia lata transplant to reenforce this joint capsule 
and in another case I was satisned with the above operation without 
the transplant. The latter case was successful, while the former re- 
developed a partial dislocation. 

Immobilization and !Massage. — Immobilization of. the shoulder 
and arm, cither in the closed or operative method, lasts from four to 
six weeks. After the first week of this immobilization, the arm should 
be carefully abducted and elevated to, or just above, a right angle at 
least every other day, and the entire arm and shoulder girdle should 
receive massage in order to prevent contraction of muscles and liga- 
ments and fibrosis, all of which, If allowed to form, will prolong the 
disability. 


Heat.— P hysical therapy in this joint Is indicated more often in 
acute arthritic conditions, especially a ncissertan infection. Heat, in 
the form of an infra-red baker or diathermy, will give the greatest 
relief of pain. 

Acro.mioclavicolar Joint 

Dislocations and Fractures.— Intra-articular injuries in this joint 
are rare. Periarticular injuries consist of dislocations, partial or com- 
plete, and of fractures into the joint. 

The usual dislocation in this joint is a separation between the acro- 
mion and clavicle of more than one centimeter and with the clavicle 
elevated considerably above its normal position — the supra-acromial 
or upward dislocation. In addition, there are the subacromial disloca- 
tion (downward and b^ind the acromion) and the subcoracoid dis- 
location (downward and in iront of the coracoid process), but these 
are rare. 


Treatment.— D ances or Loss of Function.— T he chief point to 
remember in fractures or dislocations within this joint is the tendency 
to develop loss of abduction and rraching power and elevation in the 
arm. This is usualty due to prolonged fixation ol the shoulder with the 
arm held in the adducted position or fixed across the chest by a Vel- 
peau bandage. However, the Ires of reaching power may be due to an 
incomplete reduction ol this dislocation or to an ankyliu within this 
joint. In the normal movements of ftis joint, when the arm reaches an 
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In treating this dislocation, one should bear in mind the danger of 
loss of function by the prolonged immobilization so necessary to secur- 
ing a healing in this joint. Even with prolonged immobilization the 
results are often disappointing, the dislocation recurring all too fre- 
quently. 

Use of Splint. — In an incomplete dislocation, a peach-board tri- 
angular splint, giving approximately a 45° abduction of the arm, is 
placed in the carefully padded axilla. Pressure is made downward upon 
the dislocated clavicle and at the same time upward and backward 
pressure is made upon the shoulder until the reduction is complete. A 
felt pad is then placed over the acromioclavicular joint, and a firm 
strap of moleskin adhesive is placed around the shoulder over the pad 
and through the triangular peach-board splint, binding the angle of 
this splint tightly into the axilla. The triangular splint is held firmly 
to the side of the body by moleskin strapping and the arm is likewise 
strapped to the other leg of the triangle. The elbow is left free for 
movement. After two weeks the strappings are removed, and with the 
shoulder held in an elevated and backward position, massage is given 
to the arm and shoulder girdle. The splint is then reapplied. The 
patient is asked to report every third day for this massage treatment. 
After four weeks very slight passive and active motion can be started 
in the shoulder joint The elbow Is left free from the splint and is exer- 
cised daily by the patient. After six to eight weeks the splint can be 
left off and heat, massage, and exercise applied to the shoulder girdle, 
with a view of getting complete abduction and elevation of the arm. 


Operation. — In the case of complete dislocation, especially in 
working men, it is far better to operate immediately upon this dis- 
located joint than to attempt the prolonged immobilization necessary 
to secure a questionable result. 

Many operative procedures have been advocated for this disloca- 
tion. The best method consists of drilling holes between the acromion 
and clavicle suturing these Uvo directly together, combined with a 
ligamentoplasty, closing the ligaments firmly across the joint. Fol- 
lowing operative procedure, immobilization upon a triangular peach- 
board or a wire splint, or the use of a regular airplane splint, is far 
better than a Velpeau or Sayre dressing. Within two weeks following 
the operation, the massage and exercise advocated above should be 
instituted. Usually six weeks of immobilization are sufficient in 
operative cases. 

Shoulder Joint Injuries 


In all cases referred to me because of stiff or painful joints following 
injury, the shoulder joint is by far the most commonly affected excent 
mg those numerous and aggravating conditions developing about the 
lumbar and sacro-iliac regions. In taking the history of these cases and 
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in studying the early treatment instituted after injury, one is impressed 
with the fact that in the majority the stiffness is due to misguided treat- 
ment. No injury of the upper extremity, except perhaps in children, 
should be treated with the ami held adducted to the side of the body 
for any considerable length of time. I have already mentioned the rea- 
sons for this, viz., the contraction of the strong group of muscles which 
are the adductors and the overstretching and atrophy of the weak group 
of muscles, viz., the abductors, involved in the shoulder-joint move- 
ment. 

Direet Causes of Loss of Function. — iNTRA-ARTicuLARTEAUjrA. — 
Traumatic arthritis . — This is the most common direct injury within 
this joint. It can result from falling upon the extended hand, in which 
the head of the humerus is forcibly jammed against the glenoid fossa. 
Early x-rays are usually negative. X-rays taken from three to six 





weeks later will ^ow the arlhntic changes, usuallv nrnllleralive 
within the joint. Occasionally this injury is foHoweri hJ .uSnns 
within the joint which gradually limit the function and^ra.le nsta 
upon movement. This condition is frequently mistaken fnr s^IhL^o d 
bi^sitis. Fortunately the treatment of both^undmonVfs SSv 
the same. However, failure to recognize the possibilitv • , 

forming within the joint has accounted for my failure to' r. 

covery in one most important case. ^ re- 

Totercclous Arthritis— Tuberculous arthritis is 
mon within the shoulder joint It may follow a definite hiV^ 
jury, although injury is not the chief cause of this condiS7 ' 
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SuppVRATU'E Arthritis. — rrimary suppurative arthritis of the 
shoulder joint is comparatively rare. Suppurative arthritis does occur 
and it is usually an extension of the purulent process from infected 
axillary glands or, as in one of my cases, from a severe hand infec- 
tion with no sign of suppuration within the axilla, but with a definite 
shoulder-joint suppuration. In two recent cases metastatic abscesses 
formed in the shoulder joints in generalized septicemia (Fig. 7). 

Sarcoma. — Sarcoma, especially chondrosarcoma, may develop pri- 
marily within the shoulder joint. In two of my cases it followed a his- 
tory of definite trauma and in one of these it seemed definitely re- 
lated to the trauma (Fig. 8). 



Fio 8 — Case of sarcoma of the shoulder Patient gave history of bein^ struck on the 
shoulder ten days prior to presenting himself for treatment The tumor was far ad- 
vanced and undoubtedly of longer duration than ten days 


Articular-Fzriarticulak Traumas.— T he articular-periarticular 
traumas which can result in loss of function in the shoulder joint are- 
Fraclures of the anatomic or surgical neck of the humerus fracture- 
dislocations of the head of the humerus, fractures of the scapula 
extending into the glenoid fossa, and dislocations of the head of the 
humerus with tearing of the capsule. 
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Bursitis, Tenosynovitis. — Bursitis of the subdeltoid bursa, when 
this communicates with the joint, and tenosynovitis of the long head 
of the biceps which communicates with the Joint, are a far more fre- 
quent cause of shoulder-joint disabilities than are usually recognized 

(see Fig. s). 

Sprains. — Sprains of the shoulder joint arc not commonly diag- 
nosed, but are undoubtedly quite frequent. A sprain with a partial 
tearing of the ligaments and capsule about this joint is so frequently 
accompanied by a dislocation or by a bursitis or a tenosynovitis that 
these latter conditions are usually diagnosed. However, sprains are 
not at all uncommon. For example, a man may attempt to jump on 
a fast moving street car with the result that his arm is forcefully 
jerked forward. I have seen such an accident result in a pure sprain 
of the shoulder joint. Likeivise, I have seen such an accident result 
in a tearing of die roots of the brachial plc-xus; in another case, in 
an anterior dislocation of the shoulder. 

Indirect Causes of Loss of Function. — The indirect arthrilic- 
periarthritic injuries which cause loss of shoulder-joint function are; 

Pain. — ^L imitation of motion In this joint due to pain, often results 
in loss of function. This may follow a sprain, severe axillary infection, 
and similar causes,^ the pain causing the patient to hold the arm in a 
fixed adducted position until the soft tissues about the shoulder joint 
have become contracted, 'and results in an adhesive periarthritis and 
even arthritis. Not infrequently following rather minor injuries in and 
about the shoulder joint and the upper extremity, the patient is 
allowed to carry his arm in the position of greatest comfort, that is, 
in the adduction position or adducted and held in a sling. There is 
no evidence of shoulder-joint involvement, and usually none is pres- 
ent; yet the physician is surprised after a few weeks to find the 
tjqDical loss of abduction and elevation function which he so well 
knows how to avoid in the more severe injuries involving the shoul- 
der or upper extremity. 


Fractures. — ^Fractures in the shaft of the humerus or in some 
bone of the upper extremity necessitating prolonged fixation may 
result in loss of function due to long immobilization of the shoulder 

I have already referred to the dangers of applying large hot fomen- 
tations to the upper extremi^ for a hand infection with the arm 
adducted at the side of the body. Likewise I have referred to the 
danger of binding the arm to the side of the body in breast amputa- 
tions. 
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Brachial Plexus Injuries. — Brachial plexus injuries usually 
result in complete loss of shoulder-joint function with a loose, flail 
shoulder joint due to atrophy of the muscles ard soft tissues protect- 
ing this joint. 

Infections. — Infections anywhere in the upper extremity or the 
axilla, or a subpectoral abscess, may extend into and involve the 
shoulder joint. 

Arthritic Periarthritic Ankylosis. — Complete bony ankylosis 
of the shoulder joint is rare except in cases of tuberculosis of this 
joint. Occasionally there is bony fusion between the scapula and the 
head of the humerus and the acromioclavicular joint which may 
demand an arthroplasty; otherwise arthroplasty in the shoulder joint 
is exceedingly rare. 

Fracture of Tuberosity of Humerus. — Fracture of the greater 
tuberosity of the humerus with displacement upward of the tuberosity 
and union in this malposition may result in a partial limitation of 
motion due to mechanical impingement of the tuberosity under the 
acromion. 


Stiff Joint. — Stiff joint due to involvement of the soft tissues 
usually follows contraction of the capsule, contraction of the liga- 
ments, or contraction of the strong adductor group of muscles as 
already referred to in my classification of joint injuries. 


Scars. — T his stiffness may be caused by accidental or operative 
scars about the joint, by the fibrous adhesions wthin the joint follow- 
ing infection or a traumatic arthritis, or by infection within the 
bursa with adhesions between the bursa and the synovia and adhe- 
sions between the synovia and the joint capsule, and, finally, a 
general fibrosis about the joint may be the cause of the soft tissue 
ankylosis. 


Treatment. — Immobilization. — WTvenever feasible (and in the 
majority of cases it is) all injuries of the upper extremity requir- 
ing immobilization, especially in adults, should be treated with the 
arm held in more than a 45° abduction position. The longer the 
immobilization, the greater the de^ee of abduction, and in cases of 
prolonged immobilization, both right-angle abduction and external 
rotation of the forearm are indicated. This principle of splinting the 
upper extremity to avoid soft tissue ankylosis of the shoulder joint 
is so thoroughly understood by the majority of the profession that it 
seems needless to emphasize this point so greatlv. However there are 
a great many physicians still wedded to the Velpeau and similar ban- 
dages in fractures of the clavicle, acromioclavicular dislocations shoul 
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der-joint dislocations, sprains of the shoulder joint and similar injuries 
(Fig. 9). These physicians will secure far better and quicker results 
with fewer cases of permanent disability if they will adopt this well- 
proved method of splintage in the abduction position (Fig. 10). 





Treatment 
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Thomas Arm Splint . — A Thomas arm splint with traction affords 
another excellent means of preventing loss of function in injuries of 
the shoulder joint and humerus. By means of the Thomas arm splint, 
right angle, or greater, abduction can easily be obtained. By the use of 
pulleys, the patient can change the position of the arm frequently. 
Traction by means of adhesive or moleskin adhesive strips applied to 
the upper arm and attached by means of a guide either to the lower 
end of the Thomas splint or to weights which run through a pulley 
inserted to the end of the splint is the commonest form of traction 
used. The mistake is frequently made of applying these traction strips 
across the elbow and down to the forearm. The immobilized elbow very 
early develops stiffness and more physical therapy treatment is often 



Fig II — Fracture of surgical neck of Ihe humerus suspended in a Thomas arm splint 
with the arm in the abduction position The adheshe strips for traction are applied to 
the upper arm, leaving the elbow free for exercise 


required to restore function in the elbow than in the injured shoulder 
joint. Therefore these traction strips should be attached only to the 
upper arm, leaving the elbow free for exercise (Fig. ii). Skeletal trac- 
tion by means of either a caliper or a wire passed through the lower 
end of the humerus offers one of the best means of traction especially 
in fractures. Jones’ splints and other forms of traction splints mav 
be utilized, especially for ambulatory treatment. 

Plaster Cast ^In many fractures in this region a olaster cast 
indicated. The best plaster cast to use is the airplane type^ (see Fig. lo) . 
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The tractute is reduced and held in position by an assistant An under- 
Ibitt or a woolen bathing suit or even sheet wadding is placed about 
the body oi the patient and around the injured arm, which is held at 
right-angle abduction. Two or three layers ol plaster are now applied 
around the arm, shoulder, and body down to the waist. A triangular 
brace usually made of steel or wire, is now placed next to the plaster 
with one leg of the triangle against the plaster at the side of the body, 
one leg on the under surface of the arm down to the elbow, and the 
tone leg of the triangle extending from the elbow to the lower end 
of the strip along the body. This acts as a brace to hold the arm sta- 
bilized in the abduction position. Plaster is now placed around the 
steel triangle and the arm, shoulder, and body until a firm cast is 
aonUed. With only a few exceptions, the roof of this cast— that is, 
the portion on the upper half of the arm and shoulder — should be 
removed within two weeks. This leaves at least half the arm ex- 
posed for heat and massage. In certain cases the arm is externally 
rotated, and in this event the forearm must be protected by an addi- 
tional platform. As a rule, the forearm is not encased in the plaster; 
thus the elbow is left free for exercise. After four weeks the arm can 
be elevated from this plaster gutter or splint sufficiently to allow mas- 
sage of the under surface and assisted active exercise of the shoulder 
joint. In the majority of fractures, within six weeks almost complete 
elevation of the arm is obtained. In from six to eight weeks this plaster 
cast or splint is completely removed. At first the patient will not ad- 
duct his arm completely to the side of his body, but gravity alone soon 
overcomes this difficulty. 


Physical Therapy. — ^Heal, massage, and early active exercise (not 
only of the shoulder joint, but of every joint in the upper extremity, 
including the scapula), and early contraction and relaxation exercises 
of the muscles, followed shortly by assisted active and later by active 
exercises, are vitally important in the prevention of loss of function 
in all injuries where splintage or a plaster cast is indicated. 


recent oislocations of shoulder joint 

Whatever method is adopted, daily attention must be given to 
ioint movement, muscle exercises, and the proper position of the ex- 
tremity to prevent stiffness. For example, I no longer bind the arm 
to the side of the body in shoulder-joint dislocations. If fixation seems 
•necessary , I place the arm at rest on a Crane-Savanay airplane splint, 
make a right-angle triangle out of light boards held at their angles 
hv ^dhe5ive plaster, pad this wll and J^ply it to the side of the body 
nnd under the arm, thus immobnizmg the latter at a right angle. I see 
?he oatient every day for two weeks, giving the shoulder joint massage 
id exercise and gradually elevating the arm completely above the 
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head. Such a case can usually be discharged as cured at the end of 
three weeks. 

Wasting of the muscles about the joint frequently follows shoulder 
dislocation. Massage and active use of the limb are the greatest pre- 
ventives This wasting of muscles makes dislocation prone to recur 
several weeks later. Immediate recurrence by active use is rare. 


SPRAINS 


A sprain of the shoulder joint of sufficient severity to cause pain 
on movement and swelling about the shoulder girdle is of sufficient 
importance to demand careful treatment by any physician. Rest in 
bed wlh the arm held at the right-angle abduction position by pul- 
leys or a sandbag and with large hot fomentations about the shoulder 
girdle with daily massage and light assisted exercises, increasing the 
range of the movement of the shoulder joint daily, will result in re- 
covery from this condition within two weeks in the majority of cases. 
Instead of the hot fomentations, an infra*red baker may supply the 
heat to this joint, or, if available, diathermy will be the best means 
of supplying heat and relieving the pain, not only in sprained shoul- 
ders, but in other sprained joints. 

As a rule the majority of patients temporize with this condition, 
thinking at first that it is not serious. Such a patient carries his arm 
close to his body, complaining of pain whenever he tries to elevate 
the arm sufficiently to put on his coat, and does not consult a physician 
until two or three weeks have elapsed from the time of injury. These 
patients require more prolonged treatment to overcome the disabling 
condition than do those Nvho are treated early. The acute symptoms 
have subsided and it is almost impossible to have such a patient go 
to bed, although treatment can be carried out far more easily when 


the patient is at rest. Ambulatory treatment is usually necessary. 
Some form of airplane splint or a woven-wire triangle splint or a 
peach-board triangular splint placed along the side of the body and 
in the axilla in order to hold the arm in the abduction position is 
necessary. The amount of abduction should be increased every few 
days until the arm is not only abducted but elevated to more than a 
right angle. These patients should report to the physical therapy 
laboratory for treatment. Here heat in the form of infra-red lamps, 
diathermy, or hot fomentations should be given to the shoulder for 
at least 30 min., followed by 30 min. of massage, by 30 min. of as- 
sisted active exercises, and later by acti%’e exercises. If the weather 
is cold, the arm and shoulder should be wrapped in flannel until 
the patient reaches home, when heat in the form of a hot water 
bottle, an electric pad, or an infra-red Ught should be applied bv the 
patient several times a day, combined with light but ever-inerp^.in^ 
exercise. in'-icdsuig 
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TRAUMATIC ARTHRITIS 

Traumatic arthritis o! the shoulder joint is best treated by resUn 
bed with the arm held in an abduction position with traction applied 
to separate the joint surtaces, combined with heat, massage, assisted 
active exercises, and later, active exercises. This treatment must be 
persisted in until all pain on movements has disappeared and until 
complete shoulder-joint function has been restored. Failure in this 
condition, as well as in many other of the less serious conditions about 
the shoulder joint, is due to loss of interest by the physician and lack 
of persistence in the physical therapy treatment until the condition 
is completely cured. 


BURSITIS AND TENOSYNOVITIS 

Bursitis and tenosynovitis about the shoulder joint are both treated 
as outlined for the treatment of sprains. Here again the earlier the 
treatment is instituted for the injury to the bursa or the long head of 
the biceps, the more rapid will be the recovery. The majority of these 
patients are seen late. They are comfortable as long as the arm is held 
idle in the adduction position at the side of the body. It is only when 
the patient attempts to abduct it more than 30® or when he makes cer- 
tain movements, such as putting on a coat, that pain and discomfort 
develop. The time of treatment with recovery is double the length 
of time elapsing since the injury. Proper splintage in the abduction 
position to protect the weak group of muscles, vnth heat, massage, and 
graduated exercises, is the treatment indicated. 


FRACTURE-DISLOCATIONS 

Fracture-dislocations of the head of the humerus are extremely 
difficult probien^. Open operation is often necessary and consists of 
first replacing the ^slocated head and then bringing the shaft into 
proper alignment. To do this, the shaft of the humerus must he 
brought to or above a right-angle abduction position, for the frac- 
tured surface of the head practically always points outward and 
slightly upward The arm should be held in this abducted position 
by an airplane plaster ca^ which is changed within two weSrs into 
an airplane plaster splint by removing the roof from the cast 

I have seen one of a fracture through the surgical neck of 
the humerus operated on by another surgeon, the shaft brought into 
apposition with the head, which pointed outward and upu-lrd the 
fractured portions united by knugaroo gut, the wound closed, and 
then the arm placed in a cast m an adduction position at the side of 
the body. This position, of cou^, munedintely pulled the shaft down- 
ward and at a right angle to the head. Union occurred in this posi- 
tion, and as a result the patient had a marked limitation of motion. 
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He could abduct his arm only about 25® and then the callus would 
impinge under the acromion process and prevent elevation of the 
arm The man was allowed an 85 per cent loss of the arm by the 
Industrial Commission. The case was referred for reconstructive opera- 
tion. The excessive callus was chiseled away, the point of right- 
angle union between the head and shaft was chiseled through, and 



Fig ij — A, fracture of surgical neck of the humerus treated, following operation, 
with the arm adducted to the side of the body Union occurred with the shaft at riaht 
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then the shaft was brought into an extreme abduction-elevated posi- 
tion in order to align and approximate it to the fractured surface of 
the head. Union resulted and the patient’s disability was reduced to 
25 per cent by the Industrial Commission, The patient now has or 
per cent of function in his shoulder joint (Fig. 12). Failure to observe 
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surgery trequently necessary. 


CONTRACTION OF CAPSULE 


contraction cl the capsule " 
the joint sometimes Thfcapsulc can be well ex- 

is the best e^araple «j,*.s 


rthe best example oi ‘Wa ““X”?;. i“der of tha ddloM muscle, 

leaSnTinlt^^^ 


the joint o ffi rucran arm in the abducted and 

tShT.eTevtte'rposUion and to start early heat, massage, and 
active moUon. 

“ recurrent dislocations 


ji=ineations of the shoulder joint require operative pro- 
Recurrent d slo ^ younger indiyiduaU. 

cedure. sibiy the one exception to the abducuon im- 

-These cases one of the several methods is employed 

mobihzauon t ;,uffeot dislocation, the arm should be tmmobi- 

for the "'P" . ' a or semiadducled position. Not more than 20 of 
lized ro an a should be allowed for a period of two or three 

adduction ot , ,^5 j i,ave the patient wear a strap around 

months. To sa S” around his arm iust above the elbow. 


this 1 nave me uduciit. ivcai a ataop 
months. J® strap around his arm just above the elbow. 

^ waist bells is placed a ring, one in the midaxillary 

In each ot tne arm. A short strap approxi- 

touwith a snap on either end is snapped into 
mately six men ,® range oi motion to the desired distance, 
both through small holes cut in the sleeve and coat. 

The strap is tnse likewise indicated in these cases. 

Massage and exercis 


A»-ihroDlasty oi the shoulder joint, as stated 

*”’5 Tardy ■“ ' 

^ove.israrciy^.^^^^ 

head of the 

A fragments 

11 vpA bv traction anu iyuyai«..a.i iiKiHijy wiiii f.\ 4 .ci 
operation restoration in the majority of these cases. 


rOp‘a=‘-> ao r,.v.v..v. 

- indicated However. I have opened the shoulder joini 
above, is tardy purpose of removing excessive callus, i 

on several eccasion humerus which was badly displaced, am 

portion of hca“ ^ neighborhood of this joint. Thi 

other fractured irag ^jotiotv and physical therapy with excel 
— *s {ouowe _ .^trtrntion in the majority of these cases. 
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Arthrodesis, — Arthrodesis of the shoulder joint is occasioi 
indicated in brachial plexus paralysis and other conditions tesu 
in a flail joint. Physical therapy in these cases is indicated t( 
establish function in the muscles of the arm and forearm and ii 
elbow and nTist joint. Occasionally arthrodesis of this joint, ac 
panied with shortening of the flexor tendons of the forearm or t 
plantation of the ori^n of the flexor muscles higher on the hun 
and with arthrodesis of the wrist joint to overcome persistent v 
drop, is indicated after brachial plexus trauma. Physical thei 
especially muscle'training exercises and joint reeducation, is indie 
in these multiple operations. 

Position of Function. — WTren ankylosis of this joint is inevit 
the best position to give the greatest amount of function 
he one of jo® of abduction ancl slight outward rotation of the 
In this position the patient, with a normal elbow, can feed hin 
comb his hair, tie his lie, etc. Every effort must be made to keej 
scapula free and movable. This can be accomplished by daily 
sage and exercise of the scapula. Scapula movement will add gr< 
to the amount of function in the ankylosed shoulder joint. 

Elbow Joint 

Loss of function in the elbow joint following injury is very ( 
mon. Next to the back and shoulder joints, the elbow deformitiei 
referred for reconstructive surgery most often. Excessive callus 
lowing fractures into this joint; proliferation of tags of periostf 
the formation of myositis ossificans; and the general fibrosis ol 
bursae, synos’ial sheaths, ligaments, and soft tissues follon-ing 
longed fixation, all occur more frequently and more rapidly in 
elbow joint than in any other joint of the body. 

Prevention of Loss of Function. — Several observations app 
ble to many injuries of the elbow are necessary to prevent the ( 
mon causes for deformity in this joint. 

Avoidance of Forcible Manipulation. — The elbow tolerates 
badly forcible manipulation under anesthesia, the so-called brhej 
force. The periosteum in and about this joint tears very easily ar 
prone to proliferate. A soft tissue ankylosis is rapidly changed ir 
bony ankylosis by forcible manipulation even when gently app 
Therefore the longer, more tedious method of slow, gradual movei 
obtained by the various physical therapy maneuvers is far bettei 

Avoidance of Prolonged FixATiON.—Prolonged fixation of 
elbow joint is very prone to develop fibrous ankylosis, and if there 
been ever so slight a bone injury, bony ankylosis is probable. For 
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reason the application of circular plaster casts to the arm so as to 
include the elbow should be avoided as far as possible. When a cast 
is necessary, two weeks should be the longest period of leaving it in- 
tact, except possibly in tuberculosis of this joint and in certain un- 
united fractures that will not tolerate mobilization. The cast should 
be changed into a splint by removing its upper half at the end of two 
weeks and massage and heat should be started. By the end of three 
weeks, even in the worst fractures, slight active motion should be 
begun with the splint removed; it can then be replaced for further 
wearing if necessary. The surgeon should perform the early mobiliza- 
tion of this joint, trusting the work to the technician only after sev- 
eral instructions in the particular methods to be used have been given 
in each case. 

For the same reason the elbow joint should not be included in ad- 
hesive strips applied to the arm for traction. The fi.xation of the joint 
by means of traction strips, although not involved in the original 
injury, soon results in a soft tissue ankylosis (see Fig. ii). 

Ceasing MANpuLAjioN at Pain Point. — The rule never passively 
to manipulate a joint beyond the pain point is especially applicable to 
the elbow. Repeated semiforcible flexions and extensions of the stiff 
elbow can cause an inflammatory reaction which results in a fibrosis, a 
myositis ossificans, or excessive bony proliferation in and about the 
joint. 


Rapid ^ducton of Swell, N o.-Excessive swelling nbont the 
elbow joint from hemorrhage, transudate, and exudate fullLing severe 
contusions or crushing mjunes is very persistent. Every effort must be 
made to reduce his swelling rapidly, otherwise fibrosis from this alone 
will prevent restoration of iunction no matter how well the joint in- 
jury IS treated. To be satisfied with the application of ice-bags m such 
. week or lo Haw s* •_ ... . ® 


a swelling, awaiting a week or lo davs for it tr. ^ u -j . ^ \ re 
cient. The whirlpool bath, light altern^^ ? ""a ™ m 

baths, and, if necessary, evacuation of the hernatomi h ^ 

by a small incision, must all be tried tasomToML ^ aspiration or 
^ ‘ 01 the more obstinate 


Eakly Removal of Fractured FRAostENTs in • • . 

tolerates operative procedures better than most io'ints- ti. 
lured fragments which, due to their malposition or 
they are loose in the joint, should be removed eatlv 
Joint mice ate rather common in the elbow and can b/r.f 
Do not be over-tempted to manipulate the stiff mint „ u ‘ ^ removed, 
while performing these operations. Remove the ohstll? u ““‘hesia 
joint motion and then depend upon physical theranv tn r 
lion. " restore func- 
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Attention to I^Iinor Injuries. — ^The possibility of a multiplicity 
of injuries in severe direct trauma to the elbow makes it dangerous 
for the surgeon to be satisfied with the diagnosis of the major injury 
and to direct his entire attention to this major condition. Thus the T- 
fracture through the condyles may be the major injury, but accompa- 
nying this there may be a severe traumatic arthritis, a damage to the 
synovia which extends downward to the synovia surrounding the radio- 
ulnar articulation, a tearing of the attachments to the humerus of the 
strong flexor muscles of the forearm, an injury to the olecranon bursa, 
or a late development of a musculospiral nerve injury with an insidi- 
ous wristdrop which the surgeon is liable to overlook unless he is 
watching for every possibility and is not satisfied only with the excel- 
lent reduction of the fracture, the major or most apparent injury. Not 
infrequently with a definite fracture there is a tearing of the joint 
capsule and a partial dislocation of the head of the radius. This may 
jump back in place and never be diagnosed until later, when it is found 
again subluxated. 

Care in Taking X-Rays.— X- ray mistakes are not at all uncom- 
mon in conditions in and about the elbow'. Failure to retake x-ray films 
results in failure to diagnose the myositis ossificans which is respon- 
sible for the loss of function, or of the traumatic arthritis which is 
slow to show x-ray evidence. 

In a recent case the x-ray revealed a fracture of the ulna four 
inches below the elbow joint. The film first taken included the elbow 
joint No pathology was seen in the elbow. After the fracture w’as re- 
duced and a posterior splint applied, a second x-ray was made. This 
one did not include the elbow joint. The fracture was well reduced 
and I w'as satisfied After a week the patient w’as allow’ed to go to his 
home in a distant city and hh family physician was instructed to re- 
move the splint and give massage every other day and slight but in- 
creasing active exercise to the elbow after two weeks. At the end of 
eight weeks this patient was returned to me because the elbow was 
stiff. A prominence over the head of the radius made me suspect a dis- 
location and the x-ray confirmed this diagnosis. We reexamined our 
early x-rays and found no evidence of the dislocated head of the radius 
in the first films, and the second ^bns had jailed to include the elbow. 
It is possible that in reducing the fracture we caused a complete dis- 
location of this radius which had been subluxated and then returned 
to normal position at the oripnal injury. Failure to include the adja- 
cent joint in the x-ray film will cause one to miss these less apparent 
injuries. 


Treatment. — Acute conditions 
locations are dealt with in other 
be given chiefly to the conditions 
function. 


of this joint and fractures and dis- 
chapters; therefore, emphasis will 
resulting in deformity and loss of 
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TRAUMATIC ARTHRITIS 

A fall on the extended hand may result in a traumatic arthritis in 
this joint as well as in the shoulder joint. All the early symptoms may 
point to the shoulder and the condition in the elbow may be over- 
looked until stiffness and pain call one's attention to this latter joint. 
Late development of arthritis in the elbow following any direct in- 
jury is not at all uncommon. This joint is quite prone to develop 
hypertrophic synovitis or osteochondritis dissecans, the formation of 
joint mice. 





Fio. 13— Prohferalion of pcnoslcum and myositis ossificans 
the elbow joint following forceful manipulation under 


resulting in ankylosis of 
general anesthesia. 


A patient presented himself with a swollen, painful elbmv which 
had resulted from falling down stairs the day before. Examirtim re- 
vealed a loose movable bone at the inner aspect of the joint He gave 
a history of n frac ore of the lowe^nd of the humerus 10 years nreid- 
ously with a stiff elbow resulting The x-ray showed the looL fraSient 
to be a joint mouse which had popped out of the ioini ^ 1 

other similar bodies were present within the joint. There was m evt 
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dence of recent fracture. An incision was made over the inner aspect 
of the elbow and six fairly large joint mice were removed. Almost com- 
plete function was restored to this elbow. 

Another patient fell on her extended hand and suffered a fracture of 
the head of the humerus. This was treated excellently by one of my 
former associates. After six weehs she began to complain of pain and 
stiffness in the elbow which had not been immobilized during the treat- 
ment of her fracture. An x-ray w’as negative. The physician placed this 
patient under a general anesthetic and manipulated her elbow. This 
was followed by a marked reaction. Two months later he referred the 
patient to me mth a completely ankylosed elbow. The x-ray showed a 
marked proliferation of periosteum and a myositis ossificans. This pa- 
tient refused operative treatment. Physical therapy offered little hope 
and she has been permanently crippled in this arm (Fig. 13). 

Acute . — The acute arthritis following trauma is often the result of 
a joint injury plus a metastatic infection from a distant focus. This con- 
dition should be recognized early and treated by: 

(a) Heat: Hot fomentations, infra-red lamp, an electric baker, or 
a hot whirlpool bath. Do not let the joint cool off between applica- 
tions of heat 

(b) Massage; Gentle stroking and following always the application 
of heat 

(c) Exercise: Usually active, as the patient will not move the joint 
beyond the pain point and therefore will do no damage. He should 
be supervised so that he will exercise the joint several times each day 

(d) Splints or casts are not indicated 

Chronic . — The chronic arthritis must be treated in a similar man- 
ner, but first one must ascertain whether the loss of function is due 
to bony impairment. Traction is often indicated in these chronic 
cases but should be removed two or three limes each day for active 
exercise and should not interfere with the application of heat and 
massage. Splints or casts are never indicated. Joint mice and bony 
obstructions can readily be removed from the elbow Joint. 


PURULENT ARTHRITIS 


Purulent arthritis is not so common in the elbow as in the shoulder, 
knee or hip. It is usually due to hemolytic streptococcus or staphylococ- 
cus. It may become severely involved following injuries to the forearm 
extension of the infection into the elbow especially in a case of 
gas bacillus-^Welch’s bacillus infection I have seen severe abscesses 
of this joint in two cases of late operaUon for correction of function 
In both of these cases there was slight infection present at the time 
of the original injury, but these had completely subsided and several 
weeks had elapsed before operative treatment was attempted An 
other case of severe purulent arthritis followed operative treatment of 
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an osteomyelitis of the distal end of the humerus which resulted from 
the use of a Lane plate. Drainage by either one or, better, two lateral 
incisions or by a posterior lateral incision along the olecranon is abso- 
lutely necessary. Drainage lubes through the joint are contraindicated. 
Early movement will tend to keep the incisions open, will stimulate 
drainage, and will promote maintenance of Joint function. Traction 
is often used to keep the joint surfaces separated but should be re- 
leased for movement several times each day. 

As soon as the acute condition has subsided, great attention musl 
be given to the restoration of function, llcat (electric baker or infra- 
red lamp, alternating with hot fomentations) ; hydrotherapy (the whirl- 
pool bath or a local arm bath); massage of both the forearm and upper 
arm and later massage of the joint; and daily increasing active cxer’ 
che are all necessary. It may be advisable to rig up a pulley apparatus 
with weights which will aid the patient in securing the needed exercise 
— the pulley attached to the foot of the bed when extension is desired 
or to the head of the bed for flexion exercises, or both, when flexion 
and extension exercises are wanted. 


DISLOCATIONS OF ELDOW 

Dislocations of the elbow are dealt with in another chapter. After 
the dislocation is reduced,^ the attention of the surgeon must be di- 
rected dally to the restoration of function. After reduction, a posterior 
splint with the forearm at right-angle flexion is usually applied. If 
the patient is kept in bed, no splint is necessary. The day following 
reduction, the splint should be removed by the surgeon who grasps 
the arm and forearm just above and below the elbow and steadies it 
while the patient is encouraged to attempt slight active movement. 
If marked swelling is present after reduction, a large hot fomentation 
may be used instead of the plastci; splint. This can be kept hot 
by syringing hot water into the dressing at two-hour periods: Each 
day the joint is protected by the surgeon or a trained assistant while 
a second assistant or technician massages the arm, elbow or forearm, 
and then the patient exercises it. After to days such a mtient can 
usually be turned over to a trained technician tor heat mLsane and 
exerche Usually by the end of three weeks a funcdonal eSts ol 
tained. This is a marked improvement over three weeks of immoKiira 
lion in a cast or splint, followed by weeks of physreauLrapTortome 
efforts at massage to overcome the stiffness which follows prolonged 

“r stlt”’‘'“'’' “ “ - at.empt\o^?S^ 




Fractures are likewise dealt ^th in another chapter There ire 
certain fractures, however, m and about the elbow that so invarlabty 
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result in loss of joint function unless certain preventive measures are 
adopted that reference must be made to them. 

SUPRACONDYLAR FRACTURE OF HUMERUS 

A supracondylar fracture of the humerus in young people may well 
be treated by the hyperfiexion method and left in a cast for two weeks 
without any dire result to the elbow. In older individuals, however, 
this hyperflexion method must be handled cautiously. \Mienever such 
a fracture is bandaged with the forearm markedly hyperflexed, a pos- 
terior splint should be applied which can readily be removed after 
the third to the sixth day for massage and very slight but definite 
joint exercise by the patient. Before giving this massage the surgeon 
can grasp the forearm, hold it h 3 rperflexed and protect the fracture, 
and immerse the flexed elbow in a very warm local arm bath. 

Daily after this the splint should be removed, and heat, water bath, 
massage, and slight but increasing active exercise should be instituted. 
Only general rules can be given and conceivably some of these frac- 
tures are so severe that longer time must elapse before this is be^n, 
but it is surprising how early, and how much, flexion and especially 
rotation of the forearm can be developed in these cases within the first 
three weeks. Seldom is it necessary to maintain the e.xtreme hyper- 
flexion for more than two weeks. The forearm can then gradually be 
unflexed and a new splint, if necessary, reapplied at this angle as 
flexion decreases. 


FRACTURE OF HEAD OR NECK OF RADIUS 

Fracture of the head or neck of the radius seldom needs immobiliza- 
tion by a plaster splint and never by a plaster cast. In several cases of 
fracture of the head or neck of the radius without dislocation and 
only slight displacement of the fragment I have started immediate 
active motion. A loose cotton padding held in place by a bandage is 
placed about the elbow for the first week and the patient is encour- 
aged to move the elbow joint and rotate the forearm within this pad- 
ding and bandage. After a week no dressing is applied and daily treat- 
ments of heat, whirlpool bath, massage, and active exercise are given. 
In between these treatments the patient is encouraged to flex and ex- 
tend and rotate the forearm but never beyond the pain point. After 
four W'eeks, such a patient is given more strenuous exercises to do and 
the surgeon can prescribe mechanical e.xercises that more forcibly 
begin to flex and extend the foTearra to, but not beyond, the pain 
point. Usually complete union and full function have been restored by 
the end of six weeks. ^ 

I can see no reason for splints or casts in the majority of these 
Certainty if a spiint is appiied 
It shouid be removed often for massage and exercise and shouid never 
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be worn for more than two weeks. This applies to linear^ fractures of 
the head and neck of the radius, fractures of the coronoid process of 
the ulna without displacement, and cpicondylar fractures with very 
little displacement. 

rRACTURE-DISLOCATION OF HEAD OF RADIUS 

Open Operation. — Partial, slight dislocations of the head of the 
radius can successfully be treated as described above. Complete dislo- 
cations followng a fracture through the neck of the radius should be 
treated by open operation with complete removal oj thc^ dislocated 
head and suture of the incision without any undue manipulation m 
the wound (Fig. 14)- . v 1 ♦ a 

I have made an incision and then carefully replaced this dislocatea 
head of the radius and have followed this by careful physical therapy, 
but within a short time complete bony ankylosis has developed. I have 



Fic 14 —Fracture and complete dhlocalion of the head of the radius. 


reduced the dislocated head without an incision and had the same 
dire result. This has been the experience of so many surgeons that 
practically all agree that removal of the dislocated head is the safer 
procedure. However, some authors still describe the technic of open 
, . ‘ ‘he dislocated head. I would advocate 

; ■ : ■ . . . children the replacement can be done 

I ■ ■ tially dislocated fragment can be left 

in situ far safer than in aauiis. 

I have overcome 10 stiff elbows by the late removal of this dislo- 
caled head followed by 6 to 15 yeksof physical therapy. I have sue- 
cessfully removed the dislocated head of the radius without the ac- 
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companying fracture in three cases to relieve stiff elbows. In a fourth 
case of recurring dislocation of the head of the radius I removed it 
and within two weeks the patient had full function in the elbow. 

Following removal of this dislocated head no splint or cast is neces- 
sary. Heat, massage, and active exercise are started at once or at the 
end of 24 hr. In early cases full restoration of function is usually ob- 
tained by the end of 4 weeks. One patient, a brakeman, returned to 
his work within six weeks. In old cases the physical therapy must be 
persisted in for a longer period and always until practically complete 
function is restored. 

FRACTURE AND DISPLACEMENT OF CORONOID PROCESS OF ULNA 

This is a rare condition, but it occurs oftener than the literature 
would lead one to believe. It is very easy for this fractured portion of 
the coronoid to slip into the elbow joint and to act as a definite ob- 
struction to movement. It should always be removed, usually by a 
lateral approach to the joint. Following removal of this fragment no 
splint or cast is necessary, but heat, massage, and exercise as already 
described should be instituted at once. 


FRACTURES OF OLECRANON 

Many stiff elbows following treatment of this fracture have been 
referred to me as well as cases of nonunion of the fragments. It is note- 
worthy that in three cases referred there was more complaint on the 
part of the patient from the stiff painful shoulder than from the olec- 
ranon. In each of these the fractured olecranon wth its splint or cast 
had been carried in a sling without any thought given to the prolonged 
adduction position of the upper arm and its accompanying contrac- 
tion of strong adductors and the fibrosis occurring about the capsule 
and ligaments of this joint. 


Closed Reduction. — The usual treatment of a fractured olecranon 
is closed reduction with the forearm held in an extended position and 
a posterior splint applied to maintain e.xtension. If too early passive or 
active movement starts, the fra^ents will be separated and nonunion 
often results. Prolonged extension fixation, of more than three weeks 
in adults, usually means a stiff elbow from fibrous adhesions and con- 
tractions and will require weeks and months to overcome. Thus one 
is often between the devil and the deep sea. 


Open Operation.— To overcome this difficulty most surgeons advo- 
cate open reduction and suture of the fragments by various methods 
especially if there is separation. After this operation, extension hxa- 
tion is indicated, but passive and active movement can usuallv start 
earlier rvithout as great danger of displacement and nonunion. 
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In four cases of fractured olecranon with the fracture line extend* 
ing through anywhere from the lip to the middle of the olecranon, I 
have treated the displaced fractured fragment as advocated for the dis- 
located head of the radius, viz.: An incision is made directly over the 
olecranon process, the fascia and tendon of the triceps are exposed 
and, although these are usually torn, they are carefully preserved and 
separated from the fractured fragment. The displaced fragment is 
then completely removed and thromi away. The joint is evacuated 
of any hematoma that may be present. The tendon of the triceps is 
then carefully sutured to the attachments of the tendon and the perios- 
teum on the remaining portion of the olecranon process. The fascia is 
likewise carefully repaired. The skin incision is closed. Catgut is used 
for the buried sutures and silk for the skin. A loose cotton padding is 
applied about the wound and held in place by a bandage. No splint 
or cast is applied. The patient is encouraged to shrug or to tense and 
relax his muscles and gently move the elbow an inch or two within 
the loose dressing for the first three days. After the third day the sur- 
geon can remove the dressing, massage the arm and forearm and upper 
surface of the elbow, and encourage very slight but gentle active mo- 
tion. This should be repealed daily, and after the tenth day the patient 
should be encouraged to increase the amount of active motion. At this 
time the patient can be referred to the technician who is carefully 
instructed to encourage the patient to perform more and more active 
movements. “59^* rnassage, and exercise and, after four weeks, work 
with tools which wall increase flexion and extension should be used 
daily. 

In two of these cases which were old conditions approximately 6o 
per cent (m one) to 75 per cent (in the other— see Fig. 6a) of func- 
tion was obtained. In the other two cases which were recent frac- 
tures full function obtained and the patients were back at 
work, one in six weeks and the other in eight weeks. The latter case 
returned to me eight months after his operation, complaining of 
numbness and ^akness in the fourth and fifth fingers of the same 
hand. An x-ray of ^ e b fragments of bone 

growing m the tr ceps tendon One of these was near the ulnar notch 
and was undoubtedly responsible for the ulnar nerve symSoms A 

I have found no record of this method in the literature It in 

properly selected cases, far preferable to "L S " ‘la “T' 
which is so often necessary to secure union in these bfdfv 
olecranon fractures aad the further prolonged treatmem ^ P' 
the resulting sofl-tissue stiffness. One, of ^coVsrmus” Lm'Tat 

rfiion ~ =■“ 
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HEMO-ARTHROSIS OF ELBOW JOINT 

Hemo-arthrosis of the elbow joint frequently follows any of these 
fractures and other severe crushing wounds of this joint. Aspiration 
of the joint or an arthrotomy performed to relieve this swelling may 
be necessary. Frequently the stiff joint and the poor function obtained 
are due to this hemorrhage, transudate, and exudate, followed by or- 
ganization and adhesions, rather than to the bony injury. Following 
the early relief of this hemo-arthrosis, heat, massage, and exercise 
should start. The joint may refill and, if so, it must again be relieved 
of this swelling which so easily can destroy function. 

CRUSHING INJURIES OF ELBOW JOINT 

Crushing injuries of the joint are not uncommon, and in one case, 
at least six fractures were present in and about the elbow joint. The 
fracture was badly compounded and became infected. Six fragments 
of bone were removed from the joint and it was left open to drain. 
Finally, after three months had elapsed from cessation of drainage, 
I operated on the patient doing a partial arthroplasty or removing 
fragments which projected into the joint and interfered with motion. 
Within a few hours the patient’s temperature had risen to 104® F. 
(40® C.) and he developed a second very serious abscess of this 
joint (Fig. 15). 

The lesson here is that one should delay for several months any 
secondary operation upon these badly crushed joints if an infection 
has been present. 

It is surprising how badly deformed the elbow joint can appear 
following some of these crushing injuries and what good results can 
be obtained if the principles of physical therapy are followed, viz.: 
Early beat, whirlpool bath, or local arm bath; early massage; early 
active exercise, gradually increased, persistence in efforts to regain 
function. 


Arthroplasty. — ^Arthroplasty is indicated in many of the condi- 
tions giving bony ankylosis in this joint It is one of the joints that 
responds very well to this procedure; but a flail elbow joint can 
be far more disabling than a stiff elbow at 45° flexion of the forearm. 
In many cases it is better to consider the latter position as the desid- 
eratum rather than to risk an arthroplasty with a flail joint. However 
the great majority of cases will ^ve excellent results following arthro- 
plasty. ° 


Following the arthroplasty there should be free flexion and extension 
of the elbow and rotation of the forearm. A loose dressing of cotton 
padding IS applied and a posterior splint with the forearm at right 
angle flexion is placed over this. The loose dressing will allow earlv 
shrugging, tensing, and relaxing of the muscles, which should be cm 
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couraged. After three to four days the splint may be removed by the 
surgeon and very slight, gentle active exercise allowed for a few 
moments. This should be repealed dally, but the splint is reapplied 
after each session and kept on for approximately three weeks. By that 
time the range of motion of the active exercise has considerably in- 
creased. Heat, massage, the whirlpool bath, and exercises by special 
apparatus are added at the end of three weeks and kept up until prac- 
tically full-joint motion has been obtained. Success in this arthroplasty, 
as in all others, depends upon the surgeon’s ingenuity in working out 
methods for starting early heat, massage, and exercise and in daily 
increasing the dosage and upon his persisting in the same until func- 
tion is obtained (see Fig. 15). 



PERIARTICULAR BONY OBSTRUCTIONS 

Extension ankylosis is often due to bony denn^itc ^ 

foss. of the humerus. Rcmovul „[ ,he h h 

accompanied iMth irregular bony grorvths into the Lnt ornner 
arthroplasty may be necessary. Rotation of the form™ J 

due to a fracture-dislocation of the head of the radiuT^anH^ JhS 
must be removed sorpea fly, as already indicated. Bony grotvth or 
synostosis may develop between the upper end of the ulna an^radiSs 
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which must likewise be carefully dissected out and a fascial graft 
placed between the remaining fragments of the two bones to prevent 
recurrence. Physical therapy is indicated at once in all these cases. 

periarticular contractures 

There are cases which have such marked soft-tissue contractures 
about the joint that function cannot be restored by physical therapy 
methods alone. These are the cases in which we are so often tempted 
to do a briscment jorcL The visual form of deformity is stiff elbow in 
flexion position. When the biceps tendon and the brachialis anticus 
have become so contracted that they will not yield to physical therapy 
procedures, operative treatment is indicated The incision is made over 
the anterolateral aspect of the elbow along the biceps tendon. The 
biceps and brachialis anticus muscles are exposed and the dissection 
is carried downward until the anterior aspect of the capsule and the 
tendons of these muscles are exposed. The biceps tendon is severed 
obliquely and the brachialis anticus is dissected from its attachment 
to the coracoid process. The capsule may have to be cut transversely 
before extension of the forearm is obtained. Following this operation 
a posterior splint may be applied or, better, a Thomas arm splint, with 
forearm traction The latter allows early massage and the traction 
can be released twice daily for gentle active exercise which should 
start the day following the operation. The range of motion must be 
increased rapidly, but the extension must be maintained for three 
weeks or more to prevent recurrence of the contractures. 


FLAIL ELBOW 

Flail elbow, when it follows injury or an arthroplasty, must be pro- 
tected by a hinged splint or convert^ into an ankylosis by an arthrod- 
esis operation Physical therapy is indicated here to maintain good 
muscle tone (Fig. i6). 

Position of Function. — ^Wlien arthrodesis is performed or when 
ankylosis of the elbow is inevitable, an effort should be made to have 
the forearm in 45° of flexion and very slightly pronated. 


Hand and Wrist 

TOile our interest in this chapter is chiefly related to trauma of the 
joints, yet it is impossible to consider these separately when it comes to 
the hand and wrist. So many injuries here involve more than one ioint 
and in addition, nerves, tendons, fascia, and skin, that an article deal- 
ing with restoration of function must consider all these possibilities 
Loss of function in the hand can prove more disastrmi. tu 
jority of people than any other disahLg joinrconSli Iver^^jr; 
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couraged. After three to four days the splint may be removed by the 
surgeon and very slight, gentle active exercise allowed for a few 
moments. This should be repeated daily, but the splint is reapplied 
after each session and kept on for approximately three weeks. By that 
time the range of motion of the active exercise has considerably in- 
creased. Heat, massage, the whirlpool bath, and exercises by special 
apparatus are added at the end of three weeks and kept up until prac- 
tically full-joint motion has been obtained. Success in this arthroplasty, 
as in all others, depends upon the surgeon’s ingenuity in working out 
methods for starting early heat, massage, and exercise and in daily 
increasing the dosage and upon his persisting in the same until func- 
tion is obtained (see Fig. 15). 



Fic IS-— <4. cnishins injury of the elbow with six > . ■ i , 

infected Figure illustrates the final result followini! severely 

therapy- B. same case as Fig . 5 , a ““'owing arthroplasty and prolonged physical 
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OBSTRUCTIONS 


Extension ankylosis is often due to bony denn?it<5 u ^ 

(ossa of .he humerus. Removal of dre 

accompanied ivith irregular bony growths into the ^oint orooer 
arthroplasty may be necessary. Rotation of the forcarJ „ ' k ? J 
due to a fracture-dislocation of the head of the raSu? ihS 
must be removed surgically, as already indicated Bnnv ’ 
synostosis may develop between the upper end oi the ulna Sradius 
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which must likewise be carefully dissected out and a fascial graft 
placed between the remaining fragments of the tw’o bones to prevent 
recurrence. Physical therapy is indicated at once in all these cases. 

PERIARTICULAR CONTRACTURES 

There are cases which have such marked soft-tissue contractures 
about the joint that function cannot be restored by physical therapy 
methods alone. These are the cases in which we are so often tempted 
to do a briscment forcS. The usual form of deformity is stiff elbow in 
flexion position. When the biceps tendon and the brachialis anticus 
have become so contracted that they will not yield to physical therapy 
procedures, operative treatment is indicated. The incision is made over 
the anterolateral aspect of the elbow along the biceps tendon. The 
biceps and brachialis anticus muscles are exposed and the dissection 
is carried downward until the anterior aspect of the capsule and the 
tendons of these muscles are exposed. The biceps tendon is severed 
obliquely and the brachialis anticus is dissected from its attachment 
to the coracoid process. The capsule may have to be cut transversely 
before extension of the forearm is obtained. Following this operation 
a posterior splint may be applied or, belter, a Thomas arm splint, with 
forearm traction. The latter allows early massage and the traction 
can be released twice daily for gentle active exercise which should 
start the day followng the operation. The range of motion must be 
increased rapidly, but the extension must be maintained for three 
weeks or more to prevent recurrence of the contractures. 


FLAIL ELBOW 

Flail elbow, when it follows injury or an arthroplasty, must be pro- 
tected by a hinged splint or converted into an ankylosis by an arthrod- 
esis operation Physical therapy is indicated here to maintain good 
muscle tone (Fig. i6). 

Position of Function. — When arthrodesis is performed or when 
ankylosis of the elbow' is inevitable, an effort should be made to have 
the forearm in 45® of flexion and very slightly pronated. 


Hand and Wrist 

While our interest in this chapter is chiefly related to trauma of the 
joints, yet it is impossible to consider these separately when it comes to 
the hand and wrist. So many injuries here involve more than one ioint 
and in addition, nerves, tendons, fascia, and skin, that an article deal- 
ing mth restoration of function must consider all these possibilities 
Loss of function in the hand can prove more disastroo. in tn 
iority of people than any other disabLg jo"d“™r; 
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in the wist or hand should be viewed by the surgeon as a potential 
crippling condition. So many hidden injuries may be present and 
easily overlooked in the presence oi a very apparent major injury that 
the greatest acumen is necessary to discover and repair each injury 
before irreparable damage has been done. 

Loss of function in the hand and wrist may be due directly to the 
trauma or indirectly to mism<')nngcnient during the period of treatment. 
The latter can very easily be a matter of wrong judgment in plan- 
ning the proper surgical treatment. 



Causes ot Loss of Function.-The commonest causes for loss of 
function in this region are; 

(t1 Severe stvellings of the hand and mist due to large hematomas 
and edema following, as a ruie severe crushing wounds or s™rt1t 
lection, usually fascial space infections 
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(а) Ischemia, due to the above swelling or to prolonged or too tight 
splintage or plaster cast and sometimes due to severe crushing injuries 
of the forearm or arm 

(3) Fracture-dislocations, especially in the metacarpophalangeal 
joints or in the carpal bones, as a fracture or dislocation, or combina- 
tion of both, in the semilunar bone 

(4) Severed tendons, especially if accompanied with a joint injury 

(5) Severed nerves, especially if accompanied with severed tendons 
and joint injury 

(б) Extensive scar formation, such as the scars which follow elec- 
trical and other burns 

(7) Colies’ fractures, which very frequently result in deformity. 
(There is one type of Colles’ fracture that invariably gives a de- 
formity, hut all other types should give full restoration of function 
after healing. Deformity will result if there is severe crushing and 
comminution of the lower end of the radius with much shortening. 
This shortening is difficult and at times impossible to overcome; it 
results in a change in the normal arc of the joint and is usually ac- 
companied with marked cartilage injury. (Speed) The altered level 
of the radial styloid process invariably gives deformity and the in- 
jured cartilage frequently results in a certain amount of arthritis 
which is often proliferative.) 

(8) Severed tendons high up in the forearm, which will cause a loss 
of function in the hand. (Likewise, excessive scar formation in the 
forearm may restrict tendon action with resulting deformity in the 
hand ) 

(9) Severed nerves anywhere in the forearm, arm, or in the bra- 
chial plexus; nerves caught in callous or scar formation; and cord 
tumors. * 

Prevention of Loss of Function. — The multiplicity of injuries 
W’hich may follow severe hand trauma requires common sense and 
good surgical judgment if all the contingencies are to be met. The 
question of prevention of loss of function must at all times be the 
first consideration. 


Prevention or Tenosynovitis Contractures, Thickening of 
Aponeurosis. — It is impossible to keep the hand or fingers immobi- 
lized for any great length of time without a certain amount of fibrosis 
occurring in the soft tissues, espedally in the tendon sheaths and about 
the joint capsules, resulting in a tenosynovitis, contractures of the cap- 
sule, and thickening of the aponeurosis, all oi which may permanently 
restrict flexion or extension movements in the fingers or may require 
w'eeks and months of physical therapy treatment to overcome Exten- 
sive, prolonged swellings of the hand can act in exactly the same wav 
as mechanical prolonged immobilization; therefore, one must relieve 
(hi5 swollen condition as rapidly as possible. An ice-pack applied to 
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the swollen hand is sometimes sufficient, but if there has been hemor- 
rhage under the fascia, this method is too slow. Large, hot fomenta- 
tions are likewise often sufficient, but these hot fomentations must not 
be persisted in until the hand is \vater-Ioggcd and edematous. The 
elevation of the hand, alternating hot and cold packs, the whirlpool 
bath, hot soapsuds soaks, large packs of equal parts of alcohol and 
glycerin or saturated solution of magnesium sulphate, all may be 
tried and found useful. The surgeon should begin to worry about the 
persistent extensive swelling in the hand if it is not subsiding after 
48 hr. It may become necessary to make multiple small incisions and 
evacuate the hematoma, although this is to be avoided if at all pos- 
sible, as infection is liable to follow the procedure. A solid swelling 
is rnore dangerous than an edematous swelling. The latter seldom needs 
incisions, while from the former large blood clots are often evacuated 
through incisions. 


Prevention of Ischemia, — Ischemia should be feared by every 
surg^n who applies a cast to the forearm, wrist, or hand. If the hand 
and fingers become swollen, cyanotic, or blanched, or even are cold, 
and n this condition persists for a few hours, the cast should be cut 
either anteriorly or posteriorly and spread so as to relieve the pressure. 
No one should apply a cast or even double splints to the forearm and 
allow the case to go three or four days without the personal observa- 
tion of the surgeon. It is far easier for ischemia and its subsequent 
contractions to develop than many physicians realize. Alany ischemic 
contractions are never overcome, leaving the patient crippled for life. 

PREVENTION OF Contractures Foliowinc INFECTIONS.-Many 
polonged and even permanent contractures of the fingers follow a 
hand infection which is treated bv continnm.c loiy 

a period of ten days or two weeks’^ S k 
being held in a faulty position within the Iirm. ? *'”8 

failure to instruct the patient to move the tt* ( 

fomentations should not be comS too & 
changed several times a day and at each chan^P thp tl 

instructed to flex and extend his fingers abduct -,3 
flex and extend the mist joint, and otherwise orevm?'' rrr thumb, 
developing. The supervision of these movements^sSa % 

the nurse who usually changes the hot fomentvtLn'*'^ 
visit the surgeon should inspect the hand and milr 
patient understands and is carrying am his instruS^ sure that the 
large fomentations applied to the hand, and beca^f^ f 
wristdrop develops. I have seen physical theraSi weight, 

weeks to overcome this faulty position of the mkr ®,^™'“ftered for 
of exercising the elbow and shoulder joint and ■ n '“P^rtance 
the arm at a right-angle abduction posit4 daring , he L^' “8 

of large, hot fomentations, has already been mention^ 
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Treatment.—EARLY Movements.— Early and daily movements of 
the wrist, thumb, and finger joints are the prime essential in treating 
the majority of injuries of the hand. Seldom are casts indicated in a 
Colies’ fracture or in carpal, Tnelacarpal, or phalangeal fractures. If 
a cast is used, it should be changed to a splint within a very few days. 
Seldom should any splint be left on in this locality for longer than a 
week without removing it for massage and gentle active motion daily 
or, at the longest, every other day. Even in nerve injuries where rest 
is important, the cock-up splint or the posterior flexion splint, if the 
latter has been necessary in order to overcome the shortening in the 
ulnar or medial nerve defect, should be removed after a week for 
massage of the forearm, hand, and fingers, and very slight, but some, 
active motion of the joints, and very slight passive movement of those 
joints which have lost their power of movement. Casts and splints for 
injuries in the mctacarpals, carpals, or forearm should never extend 
down over the fingers. These should be left free for movement and 
movement should be insisted upon. Even in plastic operations where 
the hand and arm must often be encased in a cast to hold them in 
apposition to the nose or face, or when the hand has been buried under 
a pedicellate abdominal flap or in a skin flap on the buttock, the 
patient should be instructed in shrugging the muscles even though be 
cannot move the fingers. 

Adequate Incisions. — Faulty incisions for the drainage of hand 
infections account for many permanent disabilities. These incisions 
should never be made directly over a tendon. Lateral incisions along 
the fingers will drain any tendon sheath infection. Througb-and* 
through lateral drainage is not always indicated and should be avoided 
whenever possible. No surgeon should incise a hand ivithout first 
familiarizing himself with all the fascial spaces, as clearly outlined 
by Kanavel. Small, inadequate openings and failure to discover deep- 
seated abscesses will often result in sloughing tendons and irreparable 
loss. 


Position of Function. — ^In many severe injuries of the hand a 
certain amount of loss of function is inevitable. Viewed from the 
standpoint of reconstructive surgery, such a hand should be placed 
from the outset in the position of greatest function. Fingers should 
not be allow'ed to stiffen in a completely extended position. ^>Iany a 
man has had an extended stiff finger amputated because it was in his 
^vay when trying to work with the remaining fingers. Attention to 
this principle of the functional position of the fingers will save months 
of tedious physical therapy made necessary by failure to correct a 
preventable condition, The position of function implies that the wrist 
is slightly hyperfiexed. The palm is concave and the fingers are in the 
‘‘S’^^^ping a tumbler” (Jones) or a ball. In this posiUon 
the thumb is abducted and the ball of the thumb can usually be 
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brought into contact wth the fingers. We are all familiar with the 
stiff fingers which are somewhat hyperextended in the two phalangeal 
joints. Flexion at the metacarpophalangeal joint may be present, but 
the hyperextended stiff fingers arc responsible for the total disability. 
If they had been treated during convalescence in a position of semi- 
flexion, this flexion position at the metacarpophalangeal joints would 
then have meant 50 per cent or more of Kmction. 


Operative Procedures. — Operative procedures on the hand and 
fingers for the purpose of restoring function likewise require great 
surgical judgment. One must make sure that the joints are movable 
and can function before subjecting a patient to beautiful tendon op- 
erations. The tendon operation may be perfect, but if bony ankylosis 
or soft tissue contractures make it impossible for the joints to move, 
nothing will be gained. Thick, deforming scars may be dissected from 
the palm or the tendons may be freed from scars, and yet function 
may not be restored because of faulty condition of the joints. Again, 
one type of operation on the hand may require very early and very 
active movements if success is to follow, whereas another operation 
performed at the same time, for example, upon a nerve, may require 
rest; therefore it is foolish to perform both of these operations at 
the same time. The hand and fingers must be put in the best possible 
condition to make the proposed operative procedure a success. This 
usually implies several weeks of very active physical therapy treatment 
preceding the operation. 

I recently operated upon a stiff phalangeal joint of the thumb. 
The stiffness was due to a partial dislocation with a small fractured 
fragment which interfered with joint movement. When I first saw it, 
I advised operation. The patient postponed operation for five months 
and then repOTted to the hospital to have it performed. Upon examin- 
ing the thumb, I found marked atrophy of the muscles, both of the 
thumb a^in the thenar space. Electrical tests showed innervation 
present. The condition was largely due to atrophy from disuse. The 
patient was fto™ of town and was accompanied by his wife. The 
two were sent to Dr. Conlter for physical therapy, preliminary to the 
operation. Three treatment were given and during these treatments 
the wife was care ully instructed relative to massage and redevelop- 
ment muscle exercises Th^ then returned home and the wife carried 
on this treatment When they returned at the end of three weeks we 
had a thumb worthy of operative effort. The operation was a success 
due to the fact that the patient had sufficient muscle power and had 
been sufficienUy trained so that he could carry on earrSU Ive 
ments. . 

As a rule, old disabling conditions of the hand should receive heat 
by means of hot paraffin baths, whirlpool baths, very active hard 
massage, and passive and active eaercises for several days oreUminllv 
to the proposed operation. Often one will see sufficient i^roTeS 
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by these methods to justify postponing the operation, and several 
hands on which I have contemplated operations have recovered solely 
by these methods. 

When an operation for restoration of function is contemplated on 
the hand or fingers, the strictest asepsis must be maintained and the 
least possible traumatizing of tissues must be done if the operation 
is to be successful. Infection will destroy tendon and nerve repairs 
and plastic operations upon the hand in the majority of cases. Every 
effort therefore must be made to avoid infection. The more bloodless 
the operative field, the less trauma will be done. The tourniquet there- 
fore is essential. Many of these operations are long and tedious and 
an ischemia may develop from too prolonged use of the tourniquet. 
For this reason the inflated bag of a blood-pressure apparatus over 
the biceps is the best form of tourniquet to use. Occasionally the bag 
can be deflated, restoring circulation in the forearm and hand, and 
after a few moments it can again be inflated. Rough handling of the 
tissues, too severe retraction, especially by rake retractors, and dry 
sponging all predispose to adhesions with subsequent contractions and 
failure of operation. 

COLLES’ FRACTUKE 

Colles’ fracture is the commonest injury involving the wrist joint. 
Every such fracture should be reduced early under either local or 
general anesthesia. The purpose of reduction is to secure the most per- 
fect alignment of the fragments. Impaction may occur and may render 
reduction most difficult. Frequently there is serious derangement of 
the wrist-joint arc. The perfect correction of all these conditions can 
seldom be attained without an anesthetic. As soon as possible after re- 
duction is made an x-ray film should be obtained, and if almost perfect 
realignment of the fragments and correction of the joint axis have 
not been obtained, an immediate second or third attempt should be 
made. If a general anesthetic has been given, the patient should not 
be allowed to awaken until one is sure that the reduction has been 
completed. This, of course, is one of the greatest advantages of local 
anesthesia. 

In many Colles’ fractures there is very little displacement and 
practically little manipulation is necessary. In these a simple posterior 
splint coming down to, but not including, the fingers is all that is 
necessary. After one is sure of his reduction in the more serious 
Colles’ fractures, a posterior molded plaster splint again is usually 
all that is necessary. In fact, a Colles’ fracture once perfectly reduced 
seldom flies out of position. 

Movements of the fingers the first two or three days are usually 
painful, but the importance of movement must be stressed, and after 
one or two days, assisted active motion should always be'started in 
the fingers. 
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In even the most serious Colies’ fractures the posterior splint can 
be removed on the third day. The forearm should be carefully laid 
upon a fiat, even surface, and heat in the form of hot packs and infra- 
red light or an electric baker can be administered for a few moments, 
followed by careful gentle massage from the fingers up to the elbow. 
To be of the greatest benefit this massage should be rhythmical and 
always in the same direction. It should be in the line of the venous 
flow. In the absence of the apparatus for application of heat, alcohol, 
camphorated oil, or warm soapsuds may be used with the massage. 
After the splint is reapplied and before the bandage is put on, the 
forearm is turned over and its flexor surface is massaged, usually with 
alcohol. At the same time the fingers are exercised. 

On the fourth or fifth day when the above treatment is admin- 
istered, the patient is instructed to move his wrist joint to a slight 
degree. It is interesting how much movement some of these patients 
can. stand. I have never seen the fragments of the fracture displaced 
by active movement. Forceful passive movement, of course, is defi- 
nitely contraindicated. Every day, and at the least every other day, 
after this, the heat, massage, and exercise treatment shouW be admin- 
istered and increased in dosage. Seldom is the splint necessary beyond 
two weeks. It can be replaced by a firm bandage or wristlet if the 
patient is fearful of having it free too soon. Often during the third 
week, I have the patient go without his splint during the day and 
apply it at night. 

In a certain number of these Colles’ fractures there are still swelling 
and limitation of motion at the end of three weeks. These cases are 


referred for more active physical therapy, consisting of prolonged 
baking, immersing of the hand and wrist in a hot paraffin bath, 
immersion in a whirlpool bath, followed by 30 min. of massage, and 
by assisted active and active exercises. Certain apparatus may ho 
used to develop exercise, for ^ample, the turning of a crank attached 
to a small wheel, the carrying of weights, the twirling of Indian 
clubs, and occupational therapy, for example, the use of a hammer 
several times a day. The more active movements here described 
can be started as a rule after the fourth week and should be persisted 
in until full function is restored, ^ss of function in too many Colles’ 
fractures is traceable to Iok of interest on the part of the surgeon 
after the splints are removed. 

In old malunited Colles’ fractur^ (and the earlier the malunion is 
diagnosed, the better the prospect of functional restoration) refracture 
and realignment of the approximating normal anatomic 

conditions is definitely mdit^ed. As a rule, these malunions can be 
broken up by the of a wench. The procedure requires 

general anesthesia. Often a week of ve^ thorough preliminary physi- 
lal therapy is indicated before attempting refracture and realignment 
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of fragments. Following the procedure, physical therapy should be 
administered as described above, the more active movements being 
delayed possibly a week or two longer than in the case of the recent 
fracture (Fig. i?)- 
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In even the most serious Colics^ fractures the posterior splint can 
be removed on the third day. The forearm should be carefully laid 
upon a fiat, even surface, and heat in the form of hot packs and infra- 
red light or an electric baker can be administered for a few moments, 
followed by careful gentle massage from the fingers up to the clboi'j 
To be of the greatest benefit this massage should be rhythmical and 
always in the same direction. It shouid be in the line of the venous 
flow. In the absence of the apparatus for application of heat, alcohol, 
camphorated oil, or warm soapsuds may be used with the massage. 
After the splint is reapplied and before the bandage is put on, the 
forearm is turned over and its flexor surface is massaged, usually wth 
alcohol. At the same time the fingers are e.xercised. 

On the fourth or fifth day when tlie above treatment is admin- 
istered, the patient is instructed to move his wTist joint to a slight 
degree. It is interesting how much movement some of these patients 
can stand. I have never seen the fragments of the fracture displaced 
by active movement. Forceful passive movement, of course, is defi- 
nitely contraindicated. Every day, and at the least every other day, 
after this, the heat, massage, and exerdsc treatment should be admin- 
istered and increased in dosage. Seldom is the spl Int necessary beyond 
two weeks. It can be replaced by a firm bandage or wristlet if the 
patient is fearful of having it free too soon. Often during the third 
week, 1 have the patient go without his splint during the day and 
apply it at night. 

In a certain number of these Colies' fractures there are still swelling 
and limitation of motion at the end of three weeks. These cases are 
referred for more active physical therapy, consisting of prolonged 
baking, immersing of the hand and wrist in a hoi paraffin bath, 
immersion in a whirlpool bath, followed by 30 min. of massage, and 
by assisted active and active exercises. Certain apparatus may be 
used to develop exercise, for example, the turning of a crank attached 
to a small wheel, the carrying of weights, the twirling of Indian 
clubs, and occupational therapy, for example, the use of a hammer 
several times a day. The more active movements here described 
can be started as a rule after the fourth week and should be persisted 
in until full funedon is restored. Loss of function in too many Colles' 
fractures is traceable to loss of interest on the part of the surgeon 
after the splints are removed. 

In old malunited Colles’ fractures (and the earlier the malunion is 
diacnosed, the better the prospect of functional restoration) refracture 
and realignment of the fragments approximating normal anatomic 
conditions is definitely indirat^. As a rule, these malunions can be 
broken up by the i^e of a Thonm wrench. The procedure requires 
General anesthesia. Often a week of ve^ thorough preliminary physi- 
ol therapy is indicated before attempting refracture and realignment 
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Radiocarpal and Carpal Injuries 

Dislocations of the individual carpal bones are not common. 
When dislocation occurs, it usually involves the semilunar bone. Im- 
mediate reduction, if possible, is indicated, but if complete reduction 
is impossible, it is far better to make an incision and remove this bone. 

Failure to recognize this dislocation or attempts at reduction "with 
incomplete success account for a certain number of cases of wrist- 
joint loss of function, seen late, it is best to remove this semi- 

lunar bone, followed by traction and early active movement. Even 
before the wound is healed, massage and exercise as outlined under 
Colles’ fracture, are indicated. 

WTienever traction is used in any joint condition, especially the 
wrist joint, it should be frequently released to allow assisted active 
and active movement. 

Complete dislocation of the wrist is compaiatively uncommon. 
Complete dislocation of this joint is always accompanied by extensive 
injury to the capsule, the ligaments, and possibly to the tendons. 

When seen early, manipulation under anesthesia is usually success- 
ful. Old dislocations will require traction and the overcoming of con- 
tractures by heat and heavy massage for a number of days before 
attempting the reduction. 

Following reduction, the same physical therapy maneuvers as out- 
lined for Colles’ fracture are indicated. Accompanying injuries, of 
course, must be repaired to insure function. 

Sprains of the wrist joint frequently follow falls on the extended 
hand, backfire of a motor when attempting to crank it, sudden jerks 
or twists when attempting to Jump onto a moving street car, etc. A 
sprained wrist should always be x-rayed to rule out the possibility 
of fractures. 

A true sprain of the wrist joint, often accompanied by sprains in 
the metacarpophalangeal thumb joint and by tenosynovitis, yield more 
readily to early active physical therapy treatment than they do to 
splints, casts, and disuse. 

The early use of diathermy, followed by immersion in a hot whirl- 
pool bath, and by massage (gentle at first and increasing in force as 
the days go on) wll usually result in the cure of a sprained wrist 
within two to three weeks. Between treatments the patients are often 
more comfortable if a wristband or tight strapping is used. 

Strains of the wrist joint and tenosynovitis of either the 
flexor or extensor tendons in the lower forearm are not at all uncom- 
mon. These are usually occupational conditions. I have seen a clerk- 
taken from his usual work and sent to the packing room during the 
holiday season develop this condition after two or three davs of min^ 
the hammer. ^ MOit.g 
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EADIQCARPAL AND CARPAL INJURIES 


Severe crushing injuries of the wrist and penetrating tnjiirtes, such 
as gunshot wounds, are frequently followed by infection. Adequate 
drainage of the infection is necessary. Frequently there are open 
wounds on the flexor surface with or wthout involvement of in 
flexor tendons. It is far better to let these wounds heal than t 
attempt to drain the infected wrist joint through these acciaenta 
openings. A dorsal lateral incision, usually on the ulnar side, is tti 
best approach for drainage of the wrist joint. It may be necessary 
to make bilateral incisions but more to the dorsal side. 

The prevention of disabling deformities by placing such a wris 
joint in the position of function — i.e., 30® to $5° dorsiflexea 
is imperative in such injuries. This may be accomplished by a cocK- 
up splint. 



Traction, keeping the carpal bones separated as much as possible, 
and especially separation of the radiocarpal joints, is extremely 
important in the presence of a wrist-joint infection. This can be 
accomplished by a banjo splint applied to the forearm with a strong 
wire loop extending doivnward six to eight inches below the fingers. 
Adhesive webbing can be attached from the web to the tips of the 
fingers and thumb with a rubber band extending from the adhesive 
webbing down to the steel wire loop of the banjo splint (Fig. 18). 

Many of these cases are bedridden and can well be treated with 
a Thomas arm splint, the traction being applied from the fingers to 
the end of the splint. The chief point to remember is that function 
..'in Hter be more readily restored in the damaged wrist joint if 
^action and dorsiflexion have been maintained. 
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to 10 days the traction should be released for assisted active and 
active movements. Heat, massage, and exercise interspersed with con- 
tinuous traction for at least a month will give fairly good function 
to the wrist joint. 

Loss OF ROTATION DUE TO STRONG FIBROUS OR BONY ANKYLOSIS 
between the radio-ulnar joint is extremely disabling. The position of 
function for the forearm when rotation is threatened or inevitable is 
slight pronation, that is, about 25° of pronation from the medial posi- 
tion. When this condition is threatened, an arm should never be treated 
in complete supination or complete pronation. It is best to keep them 
in the above position from the outset. 

Jones has described an operation for the relief of this condition. 
He advocates the removal of approximately a quarter of an inch of 
the ulna just above its head He reports good results in the restoration 
of rotation. Massage and exercise, started early, are necessary follow- 
ing this operation. 


METACARPAL AND PHALANGEAL JOINTS 

Dislocations of the carpal metacarpal joints are not common 
except in the thumb. They are usually easily reduced but may be 
difficult to hold in reduction. Firm felt padding over the point of 
dislocation with splintage is necessary. 

In the case of a dislocation of a thumb, traction and abduction with 
pressure directly over the dislocation are usually sufficient. It may be 
necessary to maintain traction with the thumb extended. If possible, 
this should be avoided, but when necessary, the thumb should be 
released after one Aveek for intervals of massage, flexion, and adduc- 
tion exercises. These exercises and massage are likewise imperative 
in the fingers when the dislocation involves these. As a rule two weeks 
are sufficiently long for immobilization, followed by one to two weeks 
of very careful active motion before full use of the hand is resumed. 


Dislocations of the sietacarpopiialanceal joints and pha- 
langeal JOINTS are fairly common. The distal bone is usually dis- 
placed posteriorly. These dislocations may be only partial, may be sub- 
luxated, and may then fly back into position so that, upon examination, 
no dislocation is found. Nevertheless the damage to the capsule with 
the accompanying synarthrosis is very disabling and may result in a 
permanent deformity, as is so often seen in baseball fingers. 

These dislocations must be reduced by manipulation, consisting 
usually of marked hypere.xtension of the distal bone which should be 
gradually pushed over the proximal joint surface until it droDs into 
position. Open operation is often necessary but is usually neglected 
until the Ettffened joint sends the patient for reconstructive surgery 
Following the reduction oi any of these dislocations, a simple dS 
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Rest is imperative to relieve the condition, especially the sense of 
crepitus and pain observed in the tenosynovitis. A light splint is often 
necessary to obtain rest. It should be removed once or twice a day 
for heat, very gentle massage, and gentle exercise. The patient should 
be warned not to move the wrist joint beyond the point of pain. With 
the subsidence of pain, active exercise can increase. As a rule these 
conditions are quite pronounced before the patient seeks advice, and 
from two to three weeks are required to accomplish the cure. 


Fractures of the carpal bones may result in stiffened mist with 
difficulty in flexing the fingers. This is usually due to failure to prevent 
the wrist flexion which is prone to follow these fractures. Traction and 
dorsifiexion are likewise indicated in carpal fractures. 

In old cases with stiffened wrist joint, weakness in the hand and 
loss of complete flexion power usually demand strong manipulative 
surgery. This is one of the conditions in which manipulation under 
anesthesia is justifiable. The purpose should be to produce strong trac- 
tion and gradual correction of the partially flexed wrist, bringing it 
up into a posxUon of hyperdorslflexion. This should be followed by 
the cock“Up splint which is removed daily for heat, massage, and exer- 
cise. After approximately one week the splint can be removed for 
longer periods and the hand and wrist immersed in a hot paraffin bath, 
a whirlpool bath, or a hot soapsuds local arm bath, followed by 
heavier massage and more marked exercise. It usually requires from 
four to SIX weeks to overcome this deformity. 

Stiff wrist the result of fibrous adhesions, may be overcome by 
strong manipulation under anesthesia it this is followed immediately 
by heat and light massage to prevent too great a reaction. Personally. 
I prefer to treat stiff wrist joints which are not due to bony ankylosis 
by strong traction, heat and massage, or by the gradual manipulation 
of the wrist oint pushing It toward the dorsiflexed position after a 
period of prolonged heat and massage. A cock-up splint should always 
be applied to maintain the dorsifiexion, and the cock-iin nosition 
should be Ranged from day to day in order to maintain the improved 
position. The slower method is surer than brisement fared under 
anesthesia, as it does not run the risk of tearing the lieaments and 
the contracted capsule with the subsequent markfd reactfom 

Arthroplasty of the Wrist Joint — ^VVhen hnn„ i • 
inevitable, every effort should be made to have the mist SstiS 
in the functional position, viz., slightly dorsiflexed. If his has been 
accomplished, arthroplasty is seldom indicated following serere Tn- 
Muries. If free rotation of the forearm is present the f ® • f 

in hyperextension is preferable to a wrist arthropiastv * * ^ * 

WTien an arthroplasty is performed, traction should alwa„. i, j 
to maintain the necessary separaUon in the new joint AftS “"’fc 
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one week in order to prevent a stiff joint. Finger traction from the 
outset is one of the best methods of treating this condition. Consider- 
able movement can be maintained while the skeletal traction is in use. 

Fractures of the metacarpals tend to bow forward, thus short- 
ening the metacarpal and destroying the normal arc of the metacarpo- 
phalangeal joint. The knuckle is lost and the head of the metacarpal 
can be felt in the palm. This deformity frequently results in a stiff 
metacarpal joint and often involves the function of the adjacent 
fingers. For this reason it is imperative to get good alignment in these 
metacarpal fractures. 



Fjo JO — Severe crushinR injury of the hand with fractures of the third and fourth 
metacarpals of proximal phalanges 


Bennett’s fracture consists of a fracture at the base of the first 
metacarpal and extends into the joint. This fracture frequently ap- 
pears after a fist fight. Traction with the thumb in the fully abducted 
position is the best method of overcoming this deformity and of pro- 
tecting the joint function. 

Physical therapy methods, as outlined for dislocations, must be 
followed in all these fractures and fracture-dislocations. 


^ Stiff metacarpophalanceai. and phalangeal joints are usually 
multiple and are due to marked fibrosis, contracted capsule and 
synarthrosis, these conditions following serious multiple injuries of the 
hand, often accompanied with fractures, or following prolonged disiup 
and fixation, or following ischemia, make up a fairly large Dart of 
reconstructive surgery. The surgeon's ingenuity is taxed to the I Lu 
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cutter splint or one made from plaster is sufficient. After a week it 
should be removed for heat, massage, and exercise. For at least three 
weeks only flexion exercises should be attempted, as redislocation by 
active extension is fairly easy. 

Old stiff finger joints following dislocations, either non- 
reduced or only partially reduced, usually require operative procedure. 
The joint should be approached by a lateral incision and the capsule Qt 
the joint exposed and incised vertically. It may be necessary to incise 
on both sides of the joint and include the ligaments. Strong traction, 
hyperextension, and direct pressure over the joint are then used to 
reduce the dislocation. 



Fic. 19— Author’s finger caliper for skeletal traction, 


Following this operation, I usually apply the Ellis-Mock finger 
calipers (Fig. 19) to the distal phalanx or the phalanx just below the 
dislocation and institute strong skeletal traction by attaching the 
calipers to the hoop of a banjo splint. The vertical" incisions in the 
capsule are pulled into a somewhat longitudinal incision by strong 
traction, thus giving increased capacity to the joint capsule after 


After the third to the seventh day traction is released temporarily 
to allow slight active ^ercise. The amount of exercise is increased 
each day thereafter. The traction is maintained from two to three 
weeks. Heat, the hot paraffin bath, massage, and exercise are con- 
tinued until full function is restored. 


Fractures into the joints must be reduced and immobilized but 
one should strive to start active movement early, often at the end of 


Metacarpal and Phalangeal Joints voiumriil 69 


to prevent this condition in the presence of such severe crushing 
injuries as are shown in Figure 20. The fractures in this case were 
treated by skeletal traction, leaving the soft tissues exposed for 
treatment (Figs. 21a, 21b). As a rule in the resulting deformity the 
hand is slightly cyanotic, a clammy sweat is present, the skin may 
be stretched and shiny, and there is definite atrophy in the thenar and 
interosseous spaces. The fingers are stiff or bend only slightly and are 
usually extended or only slightly flexed. In other cases due to old nerve 
injuries there may be marked contractions, giving the clawhand. 
Rarely is the hand stiffened in the position of function, that is, in the 
position to grasp a tumbler. Such a hand is frequently accompanied 
with a partially stiffened, partially flexed wrist joint. The thumb is 
usually pulled in toward the palm in adduction deformity. 

Viewing such a hand, one feels that the impairment to its blood 
supply from the various causes of ischemia, from prolonged swelling 
immediately following the injury, or from the atrophy which follows 
disuse of the member is largely responsible for the congealed condition 
of the hand and the fibrosis which accompanies it. No condition calls 
for greater effort on the part of the surgeon and the physical therapy 
expert. Seldom has the surgeon the time and patience to lender the 
necessarj' physical therapy to restore even partial function to such a 
hand. He must depend upon the specialist and his trained technicians 
who are thoroughly familiar with the various methods and modalities 
necessary to restore function. 

Forceful flexing or bending of such stiffened fingers when first seen 
will serve only to cause great pain and frighten the patient. He 6e- 
comes like a colt that is roughly bridled for the first time. If a 
physician has made his patient afraid to let him touch or even slightly 
manipulate the hand, the battle has already been lost because the 
necessary cooperation of the patient will not be restored or obtained. 
Gentleness therefore is the first essential. The second essential is 
never to bend stiffened fingers 6eyond the pain point. The third 
essential is to warn the patient and everyone connected with the case 
that it may take weeks or months to secure even a partial result. 
Finally, the fourth essential point is for every physician to know that 
forceful manipiilation of such fingers under anesthesia practically 
always results in a marked traumatic reaction with a definite increase 
in the disability. 


Seldom will the condition of stiff hand, as described above, develop 
in a patient who has been treated from the onset of his injury by the 
combination of surgery and the necessary physical therapy meas- 
ures for preventing such a condition. If, however, in spite of all 
efforts or because of some unforeseen accident, a case has develoned 
into this typical stiff hand, the treatment should be continued from 
the viewpoint of restoration of function. Do not let the patient be 
come discouraged or lose confidence. Do not lose interest in thp 
case yourself It w.ll require long painstaking effort, close attention 
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inside boiler is filled with paraffin, such as is used in preserving. 
These cakes of paraffin can be purchased at any grocery store. The 
cakes of paraffin are now melted by hot water in the outer boiler- 
all except a small piece. If a piece is still unmelted, the paraffin is 
not too hot; if all is melted it may get too hot, and a thermometer 
becomes necessary. The hand is placed in the wax for one minute, 
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to the smallest details, constant supervision of the physical therapy 
technician, and the maintenance of this program for weeks and 
months to restore function, but complete or almost complete func- 
tion is possible if one sticks at the job. Most of the cases of this 
nature will 'drift to a surgeon after the condition of stiff hand has 
developed. They usually come for operative treatment. Many things 
must be done before operation is considered if, indeed, it is eventually 
necessary. 


Methods of Treatment. — Improvement of the circulation is one 
of the first considerations. Jones very aptly refers to this as “circu- 
latory gymnastics.” All methods which cause a vasodilatation in this 
extremity will improve the circulation. Many of these methods will, 
at the same time, soften the skin and the contracted aponeurosis 
and help redevelop the atrophied muscles; the combined methods 
will have a cumulative effect upon the ultimate desired result. In 
considering the various measures independently I want the reader 
to visualize the sequence of action and the adoption of several of the 
methods at each seance of treatment, instead of thinking of them as 
separate measures, any one of which may suffice: 

Contrast Baths. — Contrast baths consist of soaking the hand in 
hot water, hot soapsuds, or hot camphorated oil for 12 min., then 
immediately immersing the hand In cold water for 3 min. This should 
be repeated three times at one sitting. The sudden contrasts in tem- 
perature give a marked vasodilatation and are very efficacious for 
improving the circulation. They should be repealed daily. The tem- 
perature of the hot bath should be approximately 106® F. (41. i® C.) 
and can be increased gradually to iiz® or 118® F, (44.4“ to 
47.7® C.). The temperature of the cold bath should be approximately 
40° F. (4-4 C.). 


ElAsiic BANDS—Biers me hod of promoting hyperemia in the 
extremity by the use of elastic bands around the forearm or by 
cupping or by more recent methods of motor-driven suction appa- 
ratus, all are benehcial m increasing circulation. 

Hot Paraffin Bath.— The hot paraffin bath imnrovp.; rimila- 
tion; softens the skin, fascia, and soft tissues; prepares the hand and 
fingers for massage; and is one of the mosi LlpM meLures that 
can be adopted. The patient can be instructed in making a paraffin 
bath to use at his home and he can use this method too o? SVee 
times between Ueatments provided it is not contraindicated by some 

traction apparatus (tig. 22). J 

The paraffin bath for the hands can easily be prepared at home 
by using a double boiler ordinarily used for cerMirThl. n ad 
be large enough lor the hand to be placed in it up to ihJmisf The 
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would fit the patient’s deformed hand. A ball of dental wax is 
softened in hot water and then put around the handle, say, of a 
hammer. It is then dipped in cold water and immediately hardens, 
becoming a definite part of the handle. The handle is then dipped 
in hot water until the wax is softened again and the patient grasps 
the ball of wax as far as his restricted flexion movements will permit. 
An impression is made in the wax of each finger and thumb. The 
handle is then submerged in cold water until the wax hardens. The 
patient now has a tool with a handle that exactly fits his deformed 
hand. He uses this in the workshop and carries it back to the ward 
or to his home and uses it several times a day as a means of exercise. 
As the fingers flex further and the grasp improves, the wax can again 
be softened and a new impression of his grasp made. Since the War I 
have used this v.*ith great success on a number of patients. 

Combination of Different Forms of Treatment. — Many com- 
binations of the above maneuvers, giving heat and exercise at the 
same time, and massage and hydrotherapy simultaneously, and even 
occupational therapy and hydrotherapy, are utilized thus: 

(a) A favorite therapy exercise of mine is to have the patient make 
12 pulp balls and give them to me on my visit the ne.xl day. He is 
given a bucket of warm water into which he places a sheet of news- 
paper. He then immerses the stiff hand in the bucket of water and 
proceeds to work the sheet of newspaper into a pulp ball The num- 
ber of pulp balls he is to make is increased two a day. This is a very 
homely method but extremely efficacious (Fig. 23). 

(b) The whirlpool bath has been mentioned many times in the te.xt 
and has already been described. It is of great value in treating these 
stiff hands. While Ihe hand is submerged in the whirlpool bath, or 
even a local bath, massage can be administered to great advantage. 

(c) Women patients have reported that washing dishes or wash- 
ing clothes in hot water has been of great assistance in overcoming 
their deformity. Men patients should not consider it effeminate to 
try similar methods. 


Traction. — Traction is mentioned last but in a great many cases it 
is applied first and proves of the greatest value in overcoming the 
stiffened finger joints. In some cases continuous traction is indicated 
while in others traction apparatus is put on at night and works while 
the patient sleeps. So many different forms of traction apparatus have 
been described that no effort will be made to enumerate them here 
during the War. Captain Abbott' 
at the Edinburgh War Hospital, is given credit by Jones for first usinJ 
this method. He fitted a glove to the hand and attached elastic band! 
o the finger tips of the gloves and then attached the opposite end of 
the rubber bands to a dorsal plaster splint extending well beyond the 
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taken out for two minutes» and placed in for another minute. Keep 
this up for 10 min, Then allow wax to harden and remove as a glove. 
The temperature of the paraffin bath is approximately no'’ F. 
(43-33'' C.). 

Massage, — Massage should be very gentle at first and then ^adu- 
ally increased, but never to the pain point. It should consist of 
stroking at first and later stroking and kneading, usually from the 
tips of the fingers upward through the palm, wrist, and forearm, fol- 
lowing the line of venous flow. It should be persisted in for 30 to 
45 min. Each seance is of importance and increases in importance 
as the case progresses toward recovery. 

Muscle and Joint Reeducation. — Muscle and joint reeducation 
should be interspersed at frequent intervals during the 45 min. of 
massage. This variation prevents both the patient and the technician 
from becoming fatigued. Many of these patients have forgotten how 
to close the fingers and must be reeducated. Flexing the same joint 
on the opposite hand while attempting to flex the injured joint is 
an excellent means of reestablishing joint habit. At first, muscle- 
training exercises consist of having the patient concentrate upon the 
effort of flexion or extension, even though he has no power of per- 
forming the movement, at the same time the technician flexes or 
extends the finger as far as possible without causing pain. This is 
tedious work, especially when every joint in the hand must be treated 
in this manner. The surgeon or, if the case has been referred to a 
specialist in physical therapy, the latter should frequently supervise 
the treatment to make sure that none of these steps are being negr 
lected. 

Exercise.— Exercise, especially voluntary exercise by the patient 
himself, is of the greatest importance. We can perform all the other 
measures, but unless the patient will cooperate to the fullest extent 
in developing voluntary exercises, function will never be restored. 
At first exercises may have to be passive; later, assisted active exer- 
cises may be added; and finally, exercises may be performed by the 
patient himself. Resistant movements ate the best, that is, flexion 
ot extension while the technician is resisting the movement. Many 
have been made to stimulate exercise in the 
effort on the part of the 


OCCUFATIONAI. Thesam- OiTOpational therapy, which furnishes 
one of the best ortns of sUmulatmg exercise, should be instituted 
as early as possible. Dr. Allen, of Indianapolis, early in our nartidoa- 
dorin the Wid War first suggested the use of denml wTapS 
to a hammer, saw, and plane or similar tools to make a gr“p SIch 
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a woven-like manner around each finger from the web to the tip, 
and to the ends of the adhesive straps are attached strong rubber 
bands. The opposite ends of these bands are attached to the loop of 
the banjo splint (see Fig. i8). As the flexion of the fingers improves, 
the wire loop can be bent into a position of greater and greater 
flexion. The bands should be tightened as the patient develops greater 



Fig 24 — A, method of glove traction used by author, IS, same as Fig 24, a 

tolerance. The traction must be freed several times a day tor active 
exercises by the patient, especially exercises aimed at extension and 
then flexion to the point thus fat gained. Traction is always necessary 
where there are marked contraction and stiffness in the phalangeal 
tratti'on in these cases jeopardizes the result 
Only sltghtly forcing flexion, or conversely, extension, in these joints 



7/1 rOliapter 3 
IVolum* H 


Hand and Wrist 


fingers. The rubber bands gave a constant pull extensionward. Many 
variations of this principle have been made, notably, straps sewed 
to the tips of the glove fingers and extending backward through rings 
or leather loops to a wristlet attached to the glove and containing 
buckles. The patient is instructed to tighten these leather bands in 
the buckles until he has as much extension traction on the flexed fingers 
as he can stand. Both of these procedures are reversed when the 
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of these conditions. In all these cases the principles of physical 
therapy, including traction and splintage, are definitely indicated in 
the treatment. 

Hip Joint 

Associated Disturbances. — Loss of function following injuries to 
the hip joint are often associated with functional disturbances in the 
knee and ankle joint. 

In fractures of the femur, disuse from prolonged immobilization 
often results in fibrosis, both in the hip and knee joints. 

Traumatic arthritis is not at all uncommon in the hip joint, espe- 
cially in older individuals. It may follow a direct blow over the hip 
joint or force applied indirectly to the hip joint, as when a patient 
falls a distance and alights upon his feet. Frequently the first x-rays 
of the hip joint will show some osteo-arthritic changes present in the 
uninjured, as well as in the injured, joint and also present about the 
sacro-iliac joints. A later x-ray, say three months later, may show a 
definite increase in the osteo-arthritis of the injured hip joint with no 
change observed in the later film of the uninjured hip. This is definite 
proof of an aggravation of an old osteo-arthritis of the hip which was 
latent and is a very common phenomenon. In older individuals it is 
always wise to x-ray both hips for comparison. 

Fibrosis may follow a suppurative arthritis of the hip joint. As a 
rule, however, the acetabulum, the head of the femur, and occasionally 
the neck of the femur are involved In a suppurative arthritis, develop- 
ing an osteomyelitis and marked destruction in and about the hip joint, 
which requires operative treatment. Another not infrequent cause of 
hip joint loss of function in the presence of a suppurative arthritis is 
the spontaneous dislocation of (he hip joint which usually occurs in 
the presence of a long-continued suppurative process in this joint. 

Bony ankylosis usually follows trauma of the hip joint whenever 
a suppurative or tuberculous infection supervenes. 


Prevention of Loss of Function. — ^Traction treatment of frac- 
tured femurs, especially skeletal traction, permits of early mobiliza- 
tion of the hip joint and does away rvith many of the cases of fibrosis. 

In intracapsular fractures of the neck of the femur Whitman’s 
abduction method with the body cast may be used for a great many 
weeks without loss of function in the hip joint. However, in many 
cases prolonged physical therapy methods must be used to restore 
function. Recently Jones, of California, has developed a traction 
apparatus (Fig. 25) which can be applied with the fixed arm of this 
instrument in a plaster cast on the lower normal leg and with the mov- 
able arm attached in a plaster cast on the lower leg of the injured 
side. By means of the screw shaft, traction can be applied to the 

ft!* a™ of the instrument 

attached to the well leg. I have used this in three cases in which the 
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may so erode the joint surfaces that a traumatic arthritis is developed 
by the treatment. 

In a few obstinate cases I have used Mock’s finger calipers attached 
to the distal phalanx, combined with a banjo splint to obtain neces- 
sary traction. Likewise I have used finger*nail traction. A hole is 
L through the distal edge of the nail and a soft wire or silk 
thread is drawn through the hole. The rubber band is attached to this 
and then to the loop of a banjo splint. In case of traction on one finger 
only a single splint protruding six inches beyond the finger can replace 
the banjo splint (see Fig, 20). 


Splintage. Splintage must be used whenever indicated. The cock- 
up splint to maintain the wrist at a 25® to 30° dorsiflexion is fre- 
quently indicated. It will be noticed that improvement in the flexion 
of the fingers follows placing the wrist in this position. 


■ ^In a few obstinate cases of ankylosis of the finger 

joints, due to contraction of the capsule and adhesions, I have had 
some excellent results by the following simple operation: 


A small blade, sharp knUe is inserted through the skin on either 
affected joint and a vertical incision is made 
through the joint capsule. As attempted flexion of the finger is made, 

adhesions or foreshortened 
Iff ^ incised. The finger is 

Sradualty untii full flexion is obtained. Next 
r through the skin and into the bony 

Fn f K ^ ’ The ring of the calipers is fastened 

to the loop of a banjo splmt by a rubber band to maintain traction 
which separates the articular surface and tends to pull the vertical 
'ffvF elongated or longituSnal line. Early 

^ tv motion can be utilized in the 

P^n^P^riallvSicaWeTot ^ the traction is maintained. This method is 
esi^cially applicable to an obstinate stiff joint in a sinde fineer 
Hexor contractions usually loHow nerve inj^ur ef. Ae s iffened 
join s which develop in these contractures shou d be treated as just 
outlined above, except that the method of traction must be reversed. 


MISCELLANEOUS CONDITIONS 

One or more of the joints of the wrist, hand, and fincer are often 
involved m nerve injuries, causing the «;n.r-»nk^ i 
Volkmann’s ischemic paralysis, occasionallv in r. 

ture of the fascia of the palm, and following distmt ® silJ 

eJbow.joint injuries and in the lower 

volve the musculospiral nerve and in injuries to ^ ” 

There nre certain operative Prcceduirtll^ 
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entirely over the lower abdomen and pelvis. Following the application 
of heat, firm stroking and kneading massage should be instituted. At 
first the surgeon should daily assist the patient in a certain amount 
of active exercise, and as soon as it is safe, the patient must be en- 
couraged to continue and increase active exercise. The amount and 
dosage of these methods must be increased daily, 

SUPPURATI\'E CONDITIONS 

In suppurative conditions of the hip Joint the patient usually be- 
comes cachectic and anemic. While the above local administration of 
physical therapy will help restore function to a certain extent in the 
hip joint, general physical therapy in the nature of quartz-light violet 
rays, combined ^ith cod liver oil, is extremely important and should 
never be neglected. If the patient can be moved outdoors in the sun- 
shine, heliotherapy is definitely indicated. 

DEFORMITIES RESULTING FROM FIBROUS FIXATION 

Deformities which are the result of fibrous fixation require traction, 
occasionally splintage and heat, massage, and active exercise. The 
usual deformity is fle.xion of the hip joint and increased lordosis of 
the lumbar spine. Often the flexion deformity is accompanied with 
marked contraction of the adductor muscles near their origin. 

In younger people subcutaneous incision of the contracted adductor 
muscles, followed by manipulation of (he hip joint under anesthesia, 
and followed immediately by prolonged heat, massage, and assisted 
active and active exercises, m 11 often result in restoration of function. 
If the condition is the result of septic processes, it is questionable 
whether this procedure should be follow^. Certainly several months 
should elapse before it is attempted. During the waiting period pre- 
vention of further deformity is indicated. 

In older indhiduals it is much wiser to resort to slow traction on 
the lower leg to overcome the flexion deformity, accompanied with 
daily physical therapy treatments, as already outlined. Even in old 
people it may be necessary to sever the adductor muscles subcutane- 
ously near their origin before their flexion deformity can be overcome. 

The opposite or normal hip should be exercised daily by flexing the 
thigh completely on the abdomen in order to help overcome the 
lordosis deformity. In the case of old fractures or in old people, no 
undue force must be used in this manipulative procedure, even of the 
well hip, because of danger of refracture or of fracturing the neck of 
the femur in the uninjured hip. 

ANK'VXOSIS AND OLD DISLOCATIONS 

Bony ankylosis of the hip joint and old hip dislocations frequently 
require operative procedure. In the young person, arthroplasty of the 
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deformity in the neck of the femur was definitely overcome. By the 
use of this apparatus early mobilization of the hip joint can start. 

When suppurative processes develop in the hip joint following 
injury, they must be opened and drained. A drainage tube placed in 
the hip joint causes erosion of the joint cartilage and invariably leads 
to ankylosis. Therefore,’ if drainage is necessary, a tube or Penrose 
drain can be sutured to, the cut capsule above and below, thus form- 
ing a tunnel. A slight pull upon these drains will keep the capsule 
wound wide open. Traction on the lower leg is essential to overcome 
the abduction position of the thigh and the flexed position of the knee 
which practically always accompany this condition. The traction 



apparatus should be released several times a day and active move- 
ment of the hip joint by the patient should be insisted upon. 

Early func ion in the hip joint by the use of walking calipers has 
been an excellent means of preventing loss of function in this joint 
following injuries in the lower extremity. ^ 

Restoration of Function.— If prolonged immobilization by the 
body cast has been necessnry, ^st as soon ns the ensF is removed 
physical therapy should start. Thrae patients are usuallv still bed- 
kdden. Heat can be applied to the hip i„i„t in the form o iarse 
fomentations, an infra-red lamp, or a large electric baker which fits 
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during the last 14 months I have had two cases of ununited fractures 
of the neck of the femur — one in a man of 26 and the other in a man 
of 40 years of age. I operated on both of these patients, performing 
a modified Bracket operation. Good union and 80 per cent function 
in one case and 60 per cent function in the other were obtained 
chiefly by the early and persistent use of physical therapy methods 
as already outlined. 


80 • Hip Joint 

hip may be justified. In older individuals, tliis procedure is question- 
able. If the ankylosis is in a badly deformed position, transtrochanteric 
or subtrochanteric osteotomies may be considered (Figs. 26a, 26b, 26c). 

UNUNITED FRACTURES OP NECK OF FEMUR 

Ununited fractures of the neck of the femur in old individuals are 
not uncommon, but they are rare in young individuals. Nevertheless, 
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Causes of Loss of Function. — Loss of function in the knee 
joint accounts for a large percentage of the handicapped people in 
civilian life. Lying as a pivotal point between the large thigh bone 
and the large hones of the lower extremity, it is practically always 
involved whenever a fracture occurs, either above or below the knee. 


FRACTURES OF KNEE 

Longitudinal fractures through the head of the tibia directly into 
the knee joint and fractures of either the lateral or medial condyles 
of the tibia, “T” fractures through the condyles of the femur, frac- 
tures of the head of the fibula, and the fractured patella are the most 
frequent direct types of fracture deranging the knee joint. Fractures 
of the patella may be accompanied by a direct injury to the synovia 
and capsule and the interior of the knee joint or may indirectly affect 
the function of this joint. Within the knee joint proper, fracture of 
the tibial spine is the commonest type of disabling fracture. Occa- 
sional sprain fractures with the tearing off of one or more of the at- 
tachments of the crucial ligaments occur. The usual e.xample of this 
type of sprain fracture is the tearing away of a part of the articular 
surface of the tibia in the vicinity of the attachment of the anterior 
crucial ligament. 


STRAINS OF KNEE 

Strains of the knee are not at all uncommon. They differ from 
sprains only in the degree of force and length of time of action of 
force upon the knee joint. Strains of the knee may be followed by 
a synovitis, but it is never as persistent a type as is seen in sprains; 
neither does it tend to recur. Failure to relieve the synovitis in 
strained conditions may lead to a thickening of the synovia, hyper- 
trophy of the villi of the synovia, and calcification. Heavy individuals 
often complain that their knees are weak. Repeated slight strains 
are not uncommon in such people. The slight, frequently recurring 
synovitis may gradually lead to thickening of the synovia and a form 
of traumatic synarthrosis. This may or may not be painful. Such 
individuals, especially heavy women, complain of cracking and grat- 
ing noises in their knee joints, particularly when climbing stairs. 
This form of arthritis is more probably due to this repeated slight 
trauma than to toxic causes; otherwise, why does it seem limited 
to heavy individuals and especially to heavy women who have a 
weaker protective mechanism about the knee joint? 
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Functional Position. — AVhen partial or complete ankylosis of 
the hip joint is threatened or inevitable, one should place the thigh 
in the position which will tend to give the best function. As already 
indicated, the commonest deformity of the hip is flexion and adduc- 
tion. When ankylosis is inevitable, effort should be made to place 
the thigh in an extended, slightly abducted position, with slight out- 
ward rotation. 
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INJURIES TO SEMILUNAR CARTILAGES 

Injuries to the semilunar cartilages can become extremely disabling 
and may account for many of the permanent disabilities within this 
joint. Displacement or fracture of the external semilunar cartilage 
is comparatively rate and does not pve the marked s>Tnploms usually 
found when the internal cartilage is involved. Locking of the knee 
seldom occurs. The commonest sign is a catch and then a sudden jerk 
or slipping just before complete e.xtension of the knee is accomplished. 
This catch or slipping is referred by the patient to the e.xternal aspect 
of the knee, and the surgeon, with his hand over this area, can usu- 
ally feel the condition. Certain phlegmatic individuals may ignore the 
condition altogether, but others, especially if compensation is involved, 
worry’ over such an injury', often making operative procedure com- 
pulsory. 

Displacement or fracture of the internal semilunar cartilage is a 
disabling condition. It is usually accompanied by marked effusion into 
the joint, pain, and a locking of the joint. These symptoms may sub- 
side and may not recur for months or years. I seldom operate after 
the first attack if it shows signs of subsiding. Recurring attacks of 
synovitis, pain over the internal semilunar cartilage, or recurrence of 
locking makes operative procedure justifiable and often necessary. 


JOINT MICE IN KNEE JOINT 

Osteochondritis dissecans and joint mice are practically as common 
in the knee joint as in the elbow joint. They frequently follow trauma, 
or may be a late condition in the synarthrosis described above, or may 
follow a definite arthritis of this joint. Rice bodies tend to form in 
fringes of the tom synovia. Hypertrophy of the synoWal villi followed 
by calcification is frequently the source of these joint mice, ^^^len 
present, they can .'limulate dislocations of the semilunar cartilages, 
and when trauma reveals the first manifestation of their presence, 
differential diagnosis from injured cartilage is difficult. An x-ray usu- 
ally shows their presence, whereas an x-ray seldom shows a dislocated 
cartilage. It is important to make the differential diagnosis because, 
in the operative procedure, the knee joint must be more thoroughly 
e.xposed for removal of joint mice than is usually necessary for car- 
tilage operation. 

PISLOCATIONS OF KNEE 


Dislocations of the knee are more frequent than formerly, due to 
the extreme violence of many present-day accidents, especially auto- 
mobile accidents. There are three varieties, the dislocation being named 
according to the displacement of the tibia, as follows: (a) fonvard dis- 
location; (b) backward dislocation; (c) lateral dislocation 

These conditions, of course, are totally disabling unless thev are 
fully reduced. The loss of funcUon which Mlov.s a dislocation is due 
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SPRAINS OF KNEE 

Sprains of the knee are second only to fractures as a cause of loss 
of function in the knee joint. Tearing of the internal lateral liga- 
ment is the commonest form of sprain. If it tears at a point on a 
level with or above the internal condyle of the femur, the internal 
semilunar cartilage is rarely involved, but a tear below this level 
is usually accompanied with a displacement or a fracture of the in- 
ternal semilunar cartilage. Such a condition is accompanied by a 
marked synovitis, and, if the semilunar cartilage has been involved, 
there is usually a recurrence of the synovitis. 

Sprain of the external lateral ligament is not a frequent occur- 
rence. It is not usually accompanied by a synovitis, neither is the 
external semilunar cartilage damaged by this sprain. 

Sprains of the crucial ligaments, usually a stretching or a complete 
rupture of one or both, may occur without any evidence of fracture. 
The anterior crucial ligament is more frequently damaged than the 
posterior. The anterior crucial ligament is attached to the internal 
prominence of the spine of the tibia and the external semilunar carti- 
lage is attached to both the ligament and the spine of the tibia. Fre- 
quently in injuries of the anterior crucial ligament the spine of the 
tibia is torn off and displacement of the external semilunar cartilage 
occurs, 

Str^ching or rupture of the posterior crucial ligament alone is very 
rare. Cimbins, of Chicago, is of the opinion that this injury is com- 
moner than is supposed and that it is frequently overlooked. Damage 
to this ligament usually occurs in severe dislocations of the knee 
joint. 

In presence of a persistent synovitis with pain on pressure 
over the region ol one or both semilunar cartilages, a diagnosis of 
injury of the semdunars is frequently made. The increased antero- 
posterior and lateral movements of the knee joint are not evident 
because of the persistent effusion and swelling. In many cases the 
semilunars are operated upon and removed. The escape of the effu- 
sion at the time of the operation and the prolonged rest following 
the operation alleviate the swollen condidon of this joint. WTien the 
patient js aHowed up and movements start, the loose knee joint is 
discovered. Often the patient attributes the condition to the previous 
operative procedure where^ ms due to the undiagnosed injury to 
the crucial ligaments, usually the anterior. ^ ^ 

SPRAIN-FRACTURES OF KNEE 

Sprain-fractures have already been referred to In a snnin of the 
internal lateral ligament a chip fracture at the point of its attach- 
ment to the femur is Ir^uently revealed by the roenlcLoi-tam 
Likewise, the x-ray may show a chip fracture from th“S of 
fibula in sprains of the external lateral ligament “ ° ‘ ‘ 
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PENETRATING WOUNDS OF KNEE 

Penetrating wounds of the knee joint are common. When a foreign 
body has penetrated the knee joint, it must be removed. If the pene- 
trating body is a piece of steel or a bullet, removal can usually be 
done at once. If the material is dirty and infection is liable to follow, 
early removal must be followed by adequate drainage for possible 
infection. If infection has already developed, immediate drainage with 
later removal of the foreign body may be preferable. 

External wounds of the knee joint, for example, severe lacerations 
and severe burns, may result in a complete loss of function due to 
scar-tissue formation. 


DISTANT INJURIES WHICH AFFECT KNEE 

Distant injuries may account for loss of function in this joint. It is 
not uncommon to see a stiff, flexed knee joint following an amputa- 
tion in the upper third of the leg. Fractures in the extremity distant 
from the knee joint can easily result in a stiff knee due to contrac- 
tures and fibrosis. Atrophy of the strong muscles and aponeurosis sur- 
rounding the knee joint due to prolonged immobilization of the ex- 
tremity, prolonged disuse, cord injuries, or other causes for paralysis 
may frequently result in definite loss of function in this joint. Fol- 
lowing fractures in the foot, a marked flatfoot condition may develop. 
Following a prolonged illness, after which the patient is allowed out 
of bed to walk around in carpet slippers while the muscles are still 
in a weakened condition, may result in a flatfoot. As one grows older 
he may develop a flatfoot. This condition of flatfoot frequently causes 
derangements of the knee joint which may become very disabling. 

Prevention of Loss of Function, — ^In addition to the preventive 
measures already referred to in remarks concerning loss oi function, 
certain general principles must be observed in all knee-joint injuries 
if loss of function is to be prevented in many of them. 


Careful Diagnosis. — Diagnosing the injury as an internal de- 
rangement of the knee joint, allowing the patient to continue to use 
that joint when careful study and observation might reveal the defi- 
nite nature oj the injury, thereby allowing institution of proper early 
treatment, accounts for a great many cases of prolonged disability 
and occasionally a permanent loss of function. 


Accurate Diagnosis of Each Injury.— M ultiplicity of injuries 
which may follow severe knee-joint traumas require in this joint as 
in the shoulder and elbow joints, accurate diagnosis of each iniurv 
and the adaptation of that line of treatment which will cive tht 
greatest protection to ultimate function. ^ 
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to the tearing of tlie lateral ligaments and to the stretching or 
turc of internal crucial ligaments. Injuries to the popliteal '’^sols 
or nciA’cs must always be kept in mind. IVcssure upon the popliteal 
artery if the dislocation is left reduced may cause gangrene. In one 
of my cases of dislocation of the knee tlierc was immediate evidence 
of injury to the anterior tibial ner\'c, and witliin a few hours a cola, 
blanched lower extremity was noterl. In spite of early reduction o 
the posterior dislocation, the lower extremity became gangrenous, an 
amputation was finally necessary. Immediately following the amputa- 
tion Dr. Hirscb, pathologist at Si. Luke's Hospital, di'^sccted out tne 
structures in the popliteal space. There was no cvhlcncc 
injury to the popliteal artcrj', yet the intima of this artery had been 
torn completely loose and washcil downward for approximately 
inches, at which point it completely blocked the lumen of the arter)’. 
A considerable thrombosis formed above this point of block. 


TRAUMATIC ARTHRITIS OT KSTF 

Traumatic arthritis has already been mentioned. It can easily be a 
late development in kncc-joinl trauma. Contusion of the joint cartilage 
cannot be recognized in early x«ray pictures, and yet films taken sev- 
eral months later may show definite evidence of bony proliferation, 
the picture of an osteo-arthritis. This condition may progress until 
the joint function is completely destroyed, when ankylosis will fol- 
low. This type of arthritis is usually due to a combination of the 
trauma plus invasion of the knee joint by infection. Frequently trau- 
matic arthritis is a late development from injuries to the synovia. 
The synovial fringes may be contused by impinging between the joint 
surfaces or there may be tears and hemorrhage into the fat pads, es- 
pecially the infrapatellar pads and the fat contained within the liga- 
mentum mucosum. Contusion of a fat pad, followed by hemorrhage 
and swelling, followed by fibrous and frequently calcareous changes, 
may be the source of the arthritis and may eventually result in the 
formation of joint mice as described above. 

The knee joint is not an infrequent site for purulent arthritis, es- 
pecially in children and young adults. There is often a history of slight 
trauma, followed by an invasion of the joint from pyogenic organisms 
within the body, and by abscess formation. Due to the firm tissues sur- 
rounding this joint, too many cases of purulent arthritis go undiagnosed 
until the x-ray shows definite damage to the joint cartilage and sur- 
rounding bone. Loss of joint function frequently follows this condi- 
tion. Early diagnosis, ad^uate drairmge, the avoidance of drainage 
tubes within the joint, and early mobilization of the joint after drain- 
age are the only means wluA ^11 prevent almost complete loss of 
function in the knee joint following a purulent arthritis. 
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their feet or, if this is impossible, to use walking calipers. When 
calipers are impractical, the patient should use crutches. Weight- 
bearing, as already indicated, is an excellent preventive measure when 
mobilization of the joint is contraindicated. 

Early Drainage. — Extensive swellings of the knee joint from effu- 
sion or hematoma should be relieved as rapidly as possible. Rest, 
heat, alternating heat and cold, and occasionally massage may be suffi- 
cient. However, in the more severe effusions, aspiration, and (if it 
recurs) repeated aspiration are far better than to allow the overstretch- 
ing of the capsule over a period of weeks. When there is a hemo- 
arthrosis, early aspiration will frequently prevent blood-clot forma- 
tion with subsequent organization and fibrosis and often traumatic 
arthritis of the various types already described. 

The early diagnosis of pus within the joint and early drainage before 
great damage is done to the joint cartilages or adjacent bones is abso- 
lutely essential if complete loss of function is to be avoided. 

Traction, — Traction, thereby separating the joint surfaces, is 
equally as important in the knee joint in many conditions as in the 
joints already described. Whenever possible, this traction should be so 
arranged that it can be released for active knee-joint movement at 
least twice a day. In the majority of cases where traction is necessary 
for fractures in the femur, and adhesive traction bands are used across 
the knee joint, release of the traction for knee-joint movement is im- 
possible, For this reason, skeletal traction through the condyles of 
the femur, leaving the knee joint free to be moved, is preferable. 

Early Treatment. — The earlier heat, massage, and active exer- 
cises can start in an injured knee joint (depending upon the nature of 
the trauma), the surer are the possibilities of restoration of function. 

Mobilization of Patella — ^The importance of mobilizing the pa- 
tella in practically all knee-joint injuries and in all knee joints where 
prolonged immobilization is necessary, or has been instituted, must 
be emphasized and reemphasized. The tendency of the patella to be- 
come adherent to the infrapatellar tissues, the fibrosis of the bursae 
about the patella, and the contraction of the patellar ligament, is the 
commonest cause of stiff knee joint. Even when massage and exercise 
of the knee joint proper are impossible, that line of treatment should 
be adopted which leaves the patella exposed for massage and frequent 
lateral and up-and-down movements. Surgeons have learned the im- 
portance of keeping the foot elevated at a right angle to prevent foot- 
drop and the importance of placing the arm, in the case of wristdrop 
m a cock-up splint; they are more and more learning the importance 
of treating the injured shoulder in the abducted elevated position- but 
the importance of the mobilization of the patella, which falls in the 
same preventive category, is not appreciated or is too frequently 
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Early Function.— Prior to tlie Wnr the majorily of U5, unable 
to recognize many of lhc.sc ob.ecurc fnjurfes, were 5at('5ficd wth the 
diagnosis of intern.al derangement or sprain of the knee joint and 
resorted to the time-honored treatment of fmmobilizfng the knee in 
a piaster cast for a period of several weeks or months, i'ortunately, 
in the younger people nature was kind and restored full function 
after such treatment. In older individuals, iiowever, prolonged im- 
mobilization usually resulted in a stiff or partially stiff knee joint. 

It is noteworthy that in the knee joint, synarthrosis, thickening of 
the capsule, conirnclion of the ligaments, and adhesions within the 
joint are not so common following prolonged immobilization as is the 
ease in joints of the upper extremity. The c.xccptlon to this is w^en 
the patient is bedridden and the knee is inunobltlzed, cspcci.nlly in a 
cast. In this group, soft-tissue stiffness of the knee joint is common. 
Complete immobilization of the joints in the upper extremity is prac- 
tically alwaj's associated with complete disuse, wherein complete 
immobi|i 2 .Ttion of the knee in a splint or pl.astcr cast, provided the 
patient is not bedridden, is always accomp.inled with a certain amount 
of use. Even though such a p.aticnt wTilks on crutches, the injured 
lower extremity is swinging, Is being lifted to an clcvatetl position when 
the patient sits down, and is otherwise moved. A patient who has his 
knee immobilized and yet is alloivcd to walk upon that c.xtrcmity is 
receiving more movement and exercise in the knee joint than we 
usually suspect. Undoubtedly it is this limited exercise and limited 
continuation of function that prevents more severe damage in pro- 
longed immobilization of the knee joint. We have in this example 
an excellent criterion for the functional treatment of all joints when 
immobilization of either (he upper or lower c.xlrcniiiy is necessary. 
Active movements of the upper extremity and movements and weight- 
bearing in the lower extremity ate essential if loss of function in their 
various joints is to be prevented. Patients who have the knee joint 
encased in a plaster cast while the joint is still somewhat swollen fre- 
quently complain that the cast is loose alter three or four weeks. If 
they only knew it, this is a direct gift from the gods, for it allows a 
certain amount of motion which is greatly to be desired. 


Early Massage. As far as possible, all injuries of the knee joint 
should be treated by early massage. This 5s especially true in frac- 
tures of the lower extremity which require the patient to be bedridden. 
A cast extending across the knee joint in a bedridden patient always 
results in a stiff knee,^ overcome only after weeks of pro- 

longed effort. In older individuals it is frequently never overcome. 


Walking.— There are severe injuries within the knee joint and 
severe injuries in the lower extremity that require prolonged immobi- 
lization, often mth a c^t. I^s of function in the knee joint can be 
prevented or greatly reduced by allowing such patients to walk upon 
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For the last five years it has been my custom never to apply a pos- 
terior splint to the knee joint following this operation. The case is 
usually operated upon in the morning. In the afternoon I visit the 
patient and show him the loose, padded bandage which has been 
applied to the knee joint and instruct him that he is to move the knee 
as far as possible within this bandage. The patient can be trusted not 
to move it beyond the pain point. Each day I instruct him to 
move the knee more and more, and by the time the stitches are removed 
on the ninth or tenth day the majority of these cases have from 25 to 
50 per cent knee-joint movement. 



Fic J7-/J, case of fracture-dislocation of the internal semilunar cartilage two weeks 
olloiving operation B same case as Fig showing the amount of Lee function 

two weeks after operation. AcUse movements of the knee loint werp i.., j V i 

after the operation, rrsultmi; in almost complete timctaon'at Ihe end'of tin” veets."'’' 
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neglected. In all cases of fractured patella which have been operated 
upon, daily, and better, twice daily, exercise of the patella is of prime 
importance. Most of us know this fact, but, let it be said to our 
shame, few of us take the time cvcr>' day to insist ujwn it. 

Treatment. — In Intra-arllcular injurici* there are certain ones which 
demand mobilization trenlnicnt and otJicrs which require prolonged 
immobilization. 


SnSJILUNAR CARTILAOK ISJURIES 

Syuovhis 

In semilunar cartikige injuries, correction of the locking, If present, 
is immediately necessary, followed by relief of the marked synovial 
effusion, usually by aspiration, and followed by a period of rest of 
the joint foe two or three weeks. When seen early after thc_injuO'» 
these eases should be hospitalized anti rest should be obtninwl by 
keeping the patient in bed. Large, hot fomentations appliwl to pe 
knee with or without aspiration of the effusion furnish sufficient im- 
mobilization. After three or four days the patient should be allowed 
very slight active movements while in bed. If there fs a tendency for 
the effusion to recur, necessitating rcaspirnlion. the period of rest in 
bed may be prolonged, or, after two weeks, the patient may be allowed 
to walk on the extremity provided the knee joint is strapped or band- 
aged tightly. The walking and the limited motion allowed within the 
strapping are sufficient exercise to prevent fibrosis. 

In eases seen late with effusion still present, aspiration of the effu- 
sion, followed by tight strapping or band.nging and allowing the 
patient to walk, is usually sufficient. In the latter ease aspiration is 
frequently done in the office. The same meticulous asepsis relative 
to sterilizing the needle and preparing the field for aspiration must 
be followed in the office as is observed in the operating room. If, .as too 
frequently happens, this is impossible, the aspiration of the knee or 
any other joint should be a hospital procedure. It is well to h.ive 
this late case report after one week, when the bandage or strapping 
is removed for the adminislration of heat (diathermy, infra-red lamp, 
electric baker, hot fomentations, local leg bath, or hot whirlpool 
bath), massage, and guided active exercises. The same measures may 
be necessary in the acute case if there is still evidence of pain and 
some stiffness after he is allowed out of bed. 


Operation.— Following operations for removal of the semilunar 
cartilages, most authorities on^ this subject advise splinting for a 
period of two to six weeks. It is the practice of many surgeons fol- 
lowing this operation to aj^ly a plaster cast for a similar period. 
The splinting or cast accounts for many of the cases of partial loss of 
function, so commonly seen following semilunar cartilage operations. 
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F.0 =8.-J, bmsed pl.«er of pb* cjst .llo»i„g |!e™„ of 

the knee joint, B, same as Fig. 28, a 
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of infection. The e.ccpnon to th ,5 ™ 

himself when dressing the tvmmtl. A' and the 

the first nine days the dres,.i.gs are "S elves UnsS te 
surgeon, with his hands protectetl by stcnlc gloves, ran swa 

rrrof'the knee ioinl with h wfgcS m ss^ ‘‘o ^ 

move the patella, and otherwise give “ be left 

joint proper. Massage ol the tip(Kr nntl lower 
to the technician. Allcr Ihc tenth day, vhon U c Ho«C 5 

heM massage, and .active exercise ran be given Sy 

By the end of the third week these patients ^ ‘ f netes- 
with 71; to 100 per cent of joint {unction present (I ig. •!)' . 

iJy/tie physical therapy leatments should be coming 
joint function has been secured. This can usuaUj j . f^porl 

patient is ambulatory and has left the hospital by . nhysi- 

either to the surgeon’s office or to the physician specializing P 

“Vto mobilization treatment, modified as "pf 

cases, can be employed in most operative conditions for ‘ft' 
of joint mice, fat pads, following synovectomies, nntl similar cond 
In addition to the active motions herein ticsetibed, the sh'S'O" 
make sure that free movement of the patella is present or is tmp 
ing daily. 

INTRA-ARTICULMt INJURIES 

There ate wtra-articular injuries which may require prolonged im- 
mobilization, viz., stretching or rupture ol the crucial >'80™"'®: !' 
me of the tibial spine or of the tibial articular surface, vvith disp» ^ 
ment- and, finally, disloc-ations of the knee joint. It is difficuU for ; 
surgeon to write of joint trauma without going into too much oeu 
eoncerning the actual nonoperative and operative treatment 01 
rondition.^^The length of this chapter reminds me that I have a'™^^ 
indulged this tendency in other joint conditions. The purpose ol to 
chanter is to deal with the prevention and, when necessary, the restora- 
tion of function in these disabling joint traumas. 


DISLOCATION OF KNEE 

■Rfduction.^ — ^ dislocation of the knee requires immediate reduc- 
. followed by complete rest and immobilization. The crucial ana 
licaments are always tom. Operative procedure for the reduc- 
lateral b Immediate operative repair of the crucial or 

Ji licaments is never indicated. There is often damage of the joint 
^^^aMorvpTcurfaces when a complete dislocation occurs. For this reason, 
^reduction is secured, 1 prefer to keep the patient in bed with a 
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lost. Therefore, massage of the thigh and leg muscles and the use of a 
faradic or sinusoidal current to keep up muscle tone are most definitely 
indicated during the weeks of immobilization. 

Operative Procedure. — In the case of undue lateral or antero- 
posterior movement, I prefer to continue the wearing of the immobi- 
lizing appliances for at least six months before considering operative 
treatment on the crucial ligaments. If there is evidence that the dis- 
ability is due solely to a torn internal lateral ligament with semilunar 
cartilage displacement, earlier operative procedure may be indicated. 

Physical Therapy. — In the case of a partially stiff knee joint after 
the cast or immobilization appliance is removed, I prefer slow', gradual 
physical therapy methods to overcome the condition rather than for- 
cible manipulation. The latter can easily undo all the advantages 
gained by prolonged immobilization. 


TORN LIGAMENTS 


Immobilization. — Torn lateral ligaments and stretched or ruptured 
crucial ligaments are treated in exactly the same way as described for 
dislocation of the knee. Prolonged immobilization gives good func- 
tional results in the majority of these cases. Many of the cases which 
require operative procedure are those in which the diagnosis of dam- 
aged ligaments was never made and, therefore, the period of treatment 
was not sufficiently prolonged. After *' • ^ . 

or after recovery from a semilunar 
these have been operated on for th 

to walk and exercise his knee. His complaints of weakness, of falling, 
or other queer complaints w'ere ascribed to a neurosis. Finally, such 
a patient is referred for reconstructive surgery. Complete diagnosis 
of the original trauma with sufficiently prolonged treatment might 
have resulted in a cure wthout the need of surgery. 

Tears of the lateral ligaments are better treated w'ith the leg in 
complete extension Tears of the crucial ligaments are better treated 
W'ith the leg in 15® to 20® of flexion. Since it is difficult to determine 


which of these groups of ligaments has been more severely damaged, 
the dislocation of the knee should be treated with the leg either ex- 
tended or very slightly flexed. If no dislocation has occurred and the 
nature of the accident was not too severe, the extension position is 
indicated; but if a definite diagnosis of torn crucial ligaments is made 
a position with 10° of flexion is indicated during the period of immobi- 
lization. The same physical therapy measures outlined for disloca- 
tions are indicated in the treatment of these torn ligaments 
The anterior crucial ligament is more often stretched or' ruptured 
than the posterior When the lower leg is partly flexed and a sudden 
force on the outside of the knee or a fall of the body inward causes 



Thomas splint and liRht Imctiun on the lower extremity to keep the 
joint cartilages sliglitly separated. 


Spt.tNiAOE ANU TRACiioN.-nie Thomas splint either is 
knee or is padded under the knee to give ' . 

flexion. In slight nexion the cruci.il IjRamepts are 
even though light traction is maintained for two 
ments are not unduly pulled away from their "‘’f"’?', 
is a tendency for flexion deformity to occur in crucial ligament roiuties, 
and this, of course, is to be guardcil against. Let £ 

heavy traction is not desired, but 15 lb, of trncljon will Keep 1 1 J 
surfaces slightly separated, and slighl shrugRing 
slight n^ovemont accomp.inying nuissagc combined with uus s\w i 
vent arthritis following the damage to joint cartibges. » 

rest in bed furnish likewise the rest and immobiliTiatton that arc 
and should be kept up for at least two weeks. The fiirtncr g 

of traction treatment, as compared with the Immcdl.alc ,pj 

a cast, is the case with which the accompanying effusion can be 
by heat, hot fomentations, or aspiration, if neccssaiy. During t . 
two weeks of traction, heat, massage, ami especially manual 
tion of the patella to keep it free and movable, can be adnumsterco. 


Plaster Cast. — A fter two weeks of light tmclion treatment (0 
longer if the swelling and reaction in the knee have not subsmeab 
immobilization of the knee joint by a plaster cost or a special knw 
appliance should be instituted with the leg almost completely W* 
tended. With the application of the cast, the patient can be alioweo 
up on crutches. After four to six weeks, light \vcight*bcaring ma> 
be allowed. The immobilization should be continued for appfu^*' 
mately lo weeks. If, at the end of that period, there is still evidence 
of undue lateral or anteroposterior movement, continued immobiliza- 
tion is indicated, but usually at this stage n hinged two-piece plaster 
cast can be utilized or a special hinged knee brace can be worn 
(Fig. 28). The latter is preferable, as it can be removed for heat, 
massage, and carefully guided exercises by the surgeon or a trained 
technician, who should always guard against undue lateral or anlcro- 
posterior movements. Frequently alter the removal of the cast the 
knee joint is fairly stiff. 


IMakcpulation. — The sliffnKS is often due to a fixed patella. To 
prevent this, the front of the cast should be cut out shortly after the 
cast is applied, and the patella massaged and manipulated daily. The 
patient can often be instructed to shrug his muscles and otherwise keep 
the kneecap movable. 

The stiffness may be due to contracted muscles. Often, however, the 
muscles about the joint have become badly atrophied so that the 
strong muscular protection of the joint against undue movement is 
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massage, and slight active exercises At the end of five weeks the patient 
was discharged but was placed in a hotel rather than allowed to return to 
his home in a distant city. Daily he went from his hotel to the physical 
therapy laboratory, where carefully supervised treatment was given. By the 
end of SIX weeks, complete extension was allowed and flexion movements 
were actively performed until the pam point was reached Heat, the whirl- 
pool bath, massage, and walking exercises, such as walking up a gradual 
incline and, later, the climbing of very low steps, were gradually added to 
the treatment. After lo weeks no protective splints or appliances were used. 
At the end of four months I demonstrated this case before the Chicago 



Fic 29 — A, case of tom antenor cniaal ligament showing the incision for recon- 
struction of the ligament from fascia lata, B, same case as Fig 29,3, showing the amount 
of knee flexion obtained by this patient five months after the operation 


Surgical Society. He had 45° of flexion and a perfectly stable knee joint 
and walked readily without a cane. He stepped up on a chair in order to 
show his knee to the audience. In doing this he put the foot of the injured 
leg on the chair first and raised himself with this leg. 

It is my opinion that in younger men with many years of active 
work ahead of them this operation, followed by a careful physical 
therapy regime, is indicated when a loose knee joint is the alternative 
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a sudden abduction of tbc tibia with internal rotation, llie anterior 
crucial ligament IS usually ruptiirai. Wlien tbc leg is partly flexed 
and tbc sudden force causes an adduction of the tibia, possibly with 
posterior crucial ligament may be ruptured. Usu- 
ally this force causes a fracture of the internal articular shelf and 
tuberosity of the tibia and this fracture probably allous siifilcicnt give 
in the joint to protect the posterior ligament from complete rupture. 
\\ ben the leg is almost completely flexed and tbc foot fixed and a 
strong inward force is npplic<! at tlic knee, tbc tibial spine usually 
fractures, the anterior crucial ligament strctclie.s or rupliircs, and the 
external shelf of the tibial articulation may be fractured, 
mrif combinations of fractures and ruptures of tbc crucial liga- 
Thp V anterior ligament, must always be kept in mind, 

wf f ''T injuries even of minor degree, 

Ih^-inv >s discovered. Immobilization and the physical 

choice^iere lf V”***^*" dislocations are the treatment of 

Pi-r-nr «rr 1 fragments interfere with joint movement 

Ihe traumatic reaction fcduction has been exhausted and after 
or removal of sub.sldcd, operative replacement 

or removal of the obstructing fragment of bone is indicated. 

Sery* Eijhrmonlh/ &c he hSIrSwUnVl T' 

cerate his foot, had fallen foraTril tK i- "J' •“ 

time he had fallen inward due to’ihe famUe'"'. 'I;' 

a locomotive enslnc, against tL n, i.u' r f- 
with a cast to the kn« f"r si, wX p n 

attempted to use his knee. Inste7,l^f i crutches and 

undue lateral and anteroposterior motion developed weakness, 

his knee. It ^va5 more comfortaK completely to c.xtcnd 

was applied after six months and thk hinged knee brace 

the knee was so unstable that he svas crlnnt i wthout it 

lowing a reconstructive operation which I ^ shoe's a patient fol- 

reconstruct a new anterior crucial liinm utilizing hiscia lata to 

and so stretched that it was useless Thk”* "’”*^h had been partially tom 
pletely by Jones, the original operation dcscribcrl most com- 

The question of prolonged immobilfalion 
considered, but it seemed to me that earlu f” ^ this operation was 

help strengthen this fascial replacement would 

function. Therefore, the patient was nlarpH assume ligamentous 

splint and the knee flexed about 10 ° Massa” r u ^ Thomas 

which were atrophied, was started at *• muscles, 

protected. The patient was instructed to «!hV *"\.‘"c*sions being carefully 
fourth day the patella was carefully moved lau”ii ® muscles and after the 
repeated at each dressing. All stitches were out h .i!° “Tbis was 

the wounds healed, thus allowing more actiu weeks and 

slight active motion of the knee joint \vas time very 

weeks a posterior splint was applied with verv <;U i!f « of three 

was allowed up on crutches. He reported tr> . Hexion and the patient 

‘echnician for daily heat, 
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When these fractures occur with little or no displacement, a short 
period of complete immobilization, followed by mobilization and physi- 
cal therapy, usually results in excellent function. Great care must be 
taken to discover comcomitant injuries which may nullify efforts at 
functional restoration. 

I usually keep such patients in bed for one week if there is marked 
effusion or hemo-arthrosis present. The leg is protected in a Thomas 
splint and by traction. Aspiration is done if necessary. As soon as 
feasible, a posterior plaster splint from the mid-thigh to the ankle is 
applied and the patient is allowed up on crutches. Massage and move- 
ments of the patella are given. After two weeks the splint may be re- 
moved for heat, massage, and very slight active exercises. After four 
weeks, more definite slight flexion and extension can be permitted. 
Weight-bearing, at first aided wth crutches, can start at the end of 
six weeks, and by the end of eight weeks, full weight-bearing and 50 
per cent of flexion should be present. Physical therapy is continued 
for another two weeks, by which time full function is usually restored. 

^^^^ere there is marked displacement downward with a very definite 
offset in the articular surface, operation is indicated, first to replace 
the fragment and, if this is impossible, to insert a wedge of autog- 
enous bone which will reconstruct the joint. Following this the line 
of treatment is carried out as above, except that each step is delayed 
approximately two weeks. 

Fractures of the head of the fibula are the most frequently 
overlooked fractures in the body. They often occur with Pott's frac- 
tures. The latter give very definite signs and symptoms and the x-ray 
is confined to them. The fracture in the head of the fibula is not dis- 
covered until the patient’s complaint of knee pain and loss of knee 
function attracts the surgeon’s attention, usually weeks later. There- 
fore x-rays should always include adjacent joints in fractures of an 
extremity. 

Fractures of the patella are one of the commonest causes for 
loss of knee-joint function. Those due to marked contracture of the 
quadriceps, or due to direct injury, with little displacement, can be 
treated conservatively. Strong fibrous union of the fragments which are 
even slightly separated seems to give good functional results. 

Operative procedure: A fractured patella with definite separa- 
tion of the fragments is better treated by operative procedure. The 
technic will not be discussed except to say that I am securing a good 
union just as rapidly by the simple procedure of coaptating the frag- 
ments and then using mattress sutures of either No. 2 chromic catgut 
or a very small kangaroo gut placed through the patellar tendon 
periosteum, and aponeurotic covering, above and below the site of 
fracture, to hold the fragment in portion. 
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rcrinrliculnr-artictjlar traumas of flic I^nec joint which require 
special mention arc fractures which exteiul into the articular surfaces, 
often resulting in permanent loss of function. 

A T-fracturi: tjirouoii tjii: condvu:s usuaily shows a marked 
backwaril displaccmenl of iIk* distal fragment' of llic femur with sepa- 
ration of the fracture line between the condyles. Occasionallj' one or 
the other condyle may be partially rotatetl. As nearly perfect alignment 
of the condyles as possible is nccessarj* for gorxl function. At least 5° 
per cent of coaptation of the fracluret! fragments of the femur is 
sufficient to give good function. Hotter approKlmalion than tins is, of 
course, desirable, but failure to secure it does not warrant open opera- 
tive reduction. 1 mention this because I li.ave seen far fewer good re- 
sults in knee function from operating on this fracture than I have 
seen when the closed method is user!. Manipulation, usually with 
strong traction on a Hawley table, or the slower method of skeletal 
traction, will reduce such fractures. The application of the fee-long 
type of skeletal traction will tend to squeeze the fractured fragments 
of the condyles together. A Thomas .splint with a knee nltachment 
allowing flexion of the lower leg is used and is far preferable to the 
application of a thigh and leg cast with the ncces5ar>» immobilitatioa 
of the knee. A Blake skate or a similar splint fastened to the sole of 
the foot keeps the foot at right angles and serves even a belter pur- 
pose. To this splint is attached a rope which passes upward to a pulley 
on the fracture frame located iust above the knee, then passes through 
a second pulley just above the patient’s chest, and hangs downward 
from this pulley with a hand loop in the end of the rope. The patient 
is taught to grasp this rope, and by pulling and relaxing it, he lifts and 
lowers his foot and leg, thereby maintaining a large amount of flexion 
and extension in the knee (see Fig. 2 ). This can be done without dis- 
turbing the fracture position. It is applicable to all fractures in the 
shaft of the femur when skeletal traction is used and is one of the best 
means of maintaining knee function. Combined with it should be mas- 
sage of the entire leg. Any method which will do away with the pro- 
longed immobilization of the knee in extremity fractures with the 
weeks and weeks of treatment necessary to overcome the resulting stiff- 
ness is to be greatly desired. 


Fractures of the twial tuderositiks often extend upward and 
inward into the joint. The fractured fragment is often displaced out- 
ward or is accompanied with coruimnuiion and a marked downward 
displacement, thus gi^ang a decided offset to the articular table of the 
tibia. This latter condition usually wcurs on the internal aspect of the 
joint. It results m an adduction defonnity of the tibia and a rocking, 
unstable knee joml. 
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He wears his splint when walking and at night for one to four weeks 
more, depending upon the x-ray findings, the strength of the leg, 
and the progress toward flexion function thus far made. 

Seldom is any splint or mechanical appliance necessary after lo 
to 12 weeks. By this time the average patient is able to flex his knee 
almost to a right angle. Further pfiysical therapy is not usually nec- 
essary, as the patient has been trained by this time to perform exer- 
cises which will improve function. For most of them return to work is 
the best form of occupational therapy to use. I keep in touch ivith 
the patient until he can kneel and sit on his heels, both movements 
showing that function has been restored 

Complete loss of the patella occurs rarely in civilian life. It may 
follow severe extensive wounds, as a gunshot wound where the knee- 
cap is shot away, or a severe infection with a complete sloughing of 
the patellar tendon patella, and tissues at the front of the knee; or, 
as in one of my cases, it may follow a sloughing ivithout evidence of 
infection. 


Case III. — Mr. H. was a railroad case sent to me from Ohio approxi- 
mately one year ago. Some eight months previously he sustained a fracture 
of the patella with separation of the fragments and was operated upon, 
chromic gut being used to appro.ximate and hold the fragments After a 
time the fragments separated, he was again operated upon, and the frag- 
ments were approxim.iled and held by the use of wire. The first operation 
was done by a median longitudinal incision and the second, by a U-shaped 
incision. Nonunion and separation of the fragments again developed, and 
a third operation was performed in which most of the wire was removed, 
although one loop was left attached to the lower fragment. This approach 
was by a lateral, longitudinal incision. He w’as referred to me for an un- 
united fractured patella. The fragments were separated approximately one 
inch. The patient complained of pain, a sense of weakness in the knee 
Joint, and only about three degrees of flexion movement in the knee. Here 


is an important point; I did not give sufficient thought to the disturbed cir- 
culation in the tense skin and aponeurotic tissue overlying this patella. 
I operated, exposing the patella, by a second U-shaped incision. The frag- 
ments were freshened along their fractured edge, the loop of wire was re- 
moved, and then the fragments were drilled and kangaroo gut was inserted 
through the drill holes, forming two strong mattress sutures, approximating 
and uniting the fragments The thickened patellar tendon and aponeurosis 
were then sutured over the fragments with chromic catgut. The wound was 
closed and the knee immobilized by a posterior plaster splint with the leg 
in complete extension Within four days the mrrgins of my incision were 
black and gangrenous and the skin sutures sloughed out. The skin flan above 
the patella retracted, exposing the aponeurosis over ths patella, which was 
likewise gangrenous and sloughing In spite of every effort to stimulate dr- 
culalion m these naps, all (he soft tissues over the patella became gangrenous 
and either sloughed or mere cut auay mith scissors. The patella itsdf mas 
finally complet^ c.rposed. and uithin a month it ms evil., .I" “ 
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AJtcr-lrcatmctit: So many differonl opinions arc expressed by authors 
concerning the after-treatment of these fractures that the average 
reader is often at sea. Recently I have seen the stopping of all im- 
mobilization at the end of six weeks advocated. Jones advocates the 
wearing of protective splints for ns long as six months. I believe the 
various views depend upon the seriousness of the injury, the amount 
of displacement of the fragments, and the operation. 

Badly comminuted and markcdlj' displaced fractures probably re- 
quire longer immobilization tlian do milder types. Fragments main- 
tained in position by wire passed through drill holes have good in- 
ternal splintage and therefore probably do not require such prolonged 
external splintage. I personally prefer longer external splintage to 
hardware over the patella. 

In the average case — and there arc many modifications of this, de- 
pending upon the ease — I apply a padde<l posterior splint from the 
mid-thigh to the ankle immediately after operation. 

Early massage of the thigh and lower-leg muscles without removal 
of the splint is started within three days. 

The wound over the patella is dressed every other day after the 
third day, with gloved hands, chiefly for the purpose of light manual 
movements of the patella to prevent infra-patellar adhesions. After 
removal of the stitches, the massage is given over the knee joint and 
the movements of the patella are increased. 

After two weeks the posterior splint is removed for massage of the 
entire thigh, leg, and knee joint, but no movements of the knee are 
allowed. After reapplication of the splint, the patient can be allowed 
up on crutches, but no weight-bearing Is permitted. 

The patient may now be discharged from the hospital, or, if he can 
afford it, he is kept for further physical therapy treatrrient. If dis- 
charged, arrangements must be made to continue the removal of the 
splint and massage at least every third day. Walking with the injured 
leg swinging furnishes good exercise. 

At the end of four weeks, shrugging of the muscles within the splint 
or during the massage treatments is allowed, and very active foot 
exercises and the s\vinging of entire leg are started 
At the end of six weeks very gentle active exercise is allowed when 
the splint IS removed for massage. At first only 2® or of flexion are 
permitted. This amount of flexing and extending is repeated several 
times and the spbnt is then replaced. Daily or every other day for an- 
other three weeks the patient reports and the amount of flexion and 
extension exercises is increased until 30® to 40“ of flexion are ob- 
tained. By this time the patient is walking with the aid of only a cane, 
or possibly with no assistance. ^ 

After eight weeks the patient is allowed to remove his splint sev- 
eral times a day for the appUcation of heat, rubbing the £iee, aitd 
active exercise. He can be trusted not to overflex it and in fact, 
must often be urged to stand a liMe pain and flex ft more and more! 
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Such a knee as this incapacitates a man for heavy work. It is pos- 
sible that he could carry on many heavy occupations if he wore a 
cage splint made of leather and side steel braces, partially hinged at 
the knee joint. It is possible that a reconstructive operation might be 
beneficial in the average case, but neither the patient nor the surgeon 
was willing to risk further incisions in this area of frequent opera- 
tions and disturbed circulation. 

Physical therapy for the purpose of overcoming muscle atrophy and 
of securing io° to 20® of flexion in such a condition of complete loss 
of the patella offers the best chance of partial function, 

A DISLOCATION OF THE PATELLA, partial, IS oot uncommon, but com- 
plete dislocation of the patella is comparatively rare in civiliati prac- 
tice. The latter is often followed by recurrent dislocations. 

For partial dislocation or the first complete dislocation, manual re- 
duction, followed by three to six weeks’ immobilization of the knee 
in extension, is indicated. During this period of immobilization every 
effort should be made to strengthen the quadriceps and the patellar 
tendon by removing the immobilization apparatus daily, or every other 
day, the leg still being held in complete extension, and massage and 
muscle stimulation being administered by faradism or the sinusoidal 
current. 

In recurrent dislocations (he patient should be operated upon. Sev- 
eral operative procedures have been described. They consist of either 
' ■ ■ ‘ ' the femur or shortening 

itero-internal margin of 
s ation is usually outward 

and would undoubtedly occur more frequently were it not for the 
fact that “the outer margin of (he trochlearjs surface of the femur 
acts as the flange of a pulley-wheel and so offers resistance to the 
outward deviation of the patella.” (Jones.) 


Stiff knee joint following injury may be either fibrous or bony. 
An x-ray is always indicated to differentiate the type of stiffness. Fre- 
quently there is a combination of fibrous and bony ankylosis or, if the 
treatment of the stiff condition is too strenuous, the fibrous ankylosis 
may be changed into a partial or complete bony ankylosis. 

Following the treatment of fractures in the upper extremity, in 
which the knee has been immobilized and the extremity completely 
out of use for weeks and months, the fibrous stiffness involves fibrosis 
of atrophied muscles, contracted fibrotic changes in the patellar liga- 
ment with fibrous adhesions in the infrapatellar space, contracted liga- 
ments and capsules, agglutination of the surfaces of the bursa with 
fibrous changes, and agglutination or thickening of the synovia 
Frequently the surgeon is tempted to hasten function in such a 
tnee joint by forcible manipulation. The atrophied, fibrosed tissues 
have lost their normal clastiaty and mil therefore tear rather than give 
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any evidence of infection, pnnitrene of llie si. I ""''7 „?.k! irLmeiUvray, 
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by thick, fibrous tissue. Heat, mas<agc, and cscrcisc i»f the lower e y 



Fjo 30 — complete loss of patelb, B, amount of knee flexion secured by patient 
in Fik 30, a 


were persisted in during and after the healing period. The knee W’as pro- 
tected for a time by a cage splint, but as long as this was worn, the atrophy 
of the quadriceps and other muscles about the knee joint persisted. Finally) 
all knee splintage w'as removed and the patient was instructed to tvalk and 
use the leg as much as possible. 1 saw this patient a month ago, or some 
ei"ht months after the wound had completely healed. He had approximately 
xo° of flexion at the knee He had good strength in the leg for walking 
on level surfaces. If he stepped on a stone or other object on the ground, 
the knee seemed weak and he had a tendency to fall. His greatest complaint 
was of weakness on attempting to climb stairs normally. He could go up 
two steps at a time provided there was a banister to xvhich he could hold 
and help pull himself up (F>g. 30). 
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In some of these crushing injuries, the quadriceps muscle and ten- 
dons may have been so damaged, and the scar tissue may so involve 
the capsule and ligaments, that a stiff knee joint is inevitable. Here 
judgment must be used relative to the length of the physical therapy 
treatment. It is silly to prolong massage and attempted flexion and 
extension exercises when the very nature of the injury and the asso- 
ciated resulting conditions within and about the knee joint mean 
that a stiff knee will result. 

Thick, fibrous pads within the capsule and within the joint proper 
seldom yield to forcible manipulation under anesthesia. Personally, 
I have seen so many disastrous results in marked fibrous ankylosis, 
following forcible manipulation under anesthesia, that I do not be- 
lieve description of the method is indicated here. Physical therapy, 
heat, massage, and assisted active and active exercises should be per- 
sisted in daily, as described above, as long as there is hope of im- 
provement. 

Mechanical traction and slow, forceful mechanical flexion by means 
of various types of apparatus are often helpful in this type of knee 
joint. In addition to the flexion traction described above, one may 
apply gradual forcible flexion by means of turnscrews fastened into 
a cast applied around the thigh, and a second cast applied around 
the lower leg and foot. Another method is applying a cast to the 
entire lower extremity and bivalving it at the knee, cutting out con- 
siderable distance of the cast in the popliteal space. Wedges are 
then gradually placed between the bivalved margins of the cast over 
the patella. The gradual separation of these margins causes knee- 
joint flexion. 

Jones describes Turner’s appliance for this gradual forcible flexion 
thus: A plaster of paris cast, well padded, is applied over the thigh, 
and a second well padded cast is applied over the foot and lower 
leg, leaving the knee joint ex^sed. Turner’s appliance consists of 
an instrument that resembles ice tongs but with the distal prongs 
elongated into strong bands that can be incorporated into the lateral 
or medial sides of the above-mentioned plaster casts. A turnscrew 
rod joins the opposite arms of the ice tongs. The handle of the turn- 
screw points upward toward the patient. By increasing or decreasing 
the distance between the proximo ends of the arms by revolving the 
turnscrew, the patient can cause a certain amount of flexion or ex- 
tension through an activating force carried to the distal arms encased 
in the casts. This appliance may be attached to one side of the cast 
but two appliances attached on either side give more even force 
(Fig- 30- 


The stiff knee joint may be fixed in a flexion position This 
^ far more disabling than a stiff knee joint in the extension position 
The same methods of physical therapy as are used in fibrous akviosis 
are required to overcome the condition. Traction applied !or the 



Hrl Ivclae* H 


Knee 


iV,ri Ivclae* XI 
when 

ale movement. The cffiision *'*’^** if some flexion is obln'mcd, 

sSSSErsKSf- 

® t .i th<*rnrvv oflers mr j 


jamcnls lack me powex an« 

,™c'— '.i— .=4®^^ 

‘T there is no nctive infection, 

fo^s 
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hSs about the patella), and by assisted nctiec and active es 
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exercises . — Exercises which arc pertornicu o} inv i -^,,5 
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at flexion manipulation by the surgeon or <'ebnia.an and a M ^ 
carried beyond the pain point, followed by a therapy, 
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anoHed to the Thomas splint just below the knee the leg sup 
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ni- in the end of the hinged arm ot the Thomas splint after the J g 
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k Cund to this arm, and by means of the weights, slow, 

may be obtained. By the use of pulleys and weights, 
of flexion traction may be applied. This method must be observed 
^'^^fullv to prevent traumatic reaction within the knee joint and 
Vhp nccomoanied by massace and oeriods of active exer- 


^'^^fullv to prevent traumatic reaction within the knee joint 
^ ..iri always be accompanied by massage and periods of active exer- 
^ psoecially extending and flexang the kg lo maintain the amount 
ovement thus far gained. Some of the appliances described later 
rosy likewise be used. 

tt™ nus ANKYLOSIS may follow severe crushing injuries of the knee 
5 ^^. ^ afticular injuries, and operations within the knee joint* 
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eral fibrous bands not sufficiently foreshortened or not strong enough 
to give the picture of stiff knee described above. 

Every surgeon interested in joint trauma should obtain the little 
book on manipulative surgery written by A. G. T. Fisher. In this 
book the author describes the indications and methods for manipula- 
tion in the knee joint. 

Following a few less serious injuries to joints, pain and slight swell- 
ing, and especially pain on certain movements, will persist. These 
patients are frequently classed as neurotic because the physical e.xami- 
nation is negative. Usually such a joint is the seat of a contusion, often 
accompanying a complete or partial luxation, a sprain, or a contusion 
of the soft parts over the joint. The original trauma has been relieved 
and the surgeon becomes disgusted with his patient for still com- 
plaining of pain. These obscure conditions are usually the result of 
adhesions in or about the joint. We expect scar tissue, that is, a 
fibrosis, In lacerations and open wounds which we can see, but we 
seem to overlook the fact that contused, lacerated soft parts below 
the surface undergo a similar fibrosis. 

Manipulative Surgery. — Manipulative surgery in these cases of- 
fers splendid results. Careful study of such a joint %Yill reveal the loca- 
tion of the adhesions, first, by the point of pain on movement; second, 
by a definite point of tenderness; and third, by a certain limitation of 
motion in some one direction, which is constant. Manipulation, usually 
with the patient awake, aimed at the breaking of these adhesions and 
the overcoming of the restricted motion, is the first essential, followed 
by daily movements of the joint to its full limit in all directions to 
prevent the reforming of adhesions. Physical therapy following manip- 
ulation is essential in most cases. 


Bony ankylosis is common. Intra-articular injuries, followed by a 
septic infection within this joint, usually result in bony ankylosis. 
Failure to make an incision adequate for drainage of the joint, the 
introduction of drainage tubes within the joint, and immobilization of 
the joint by plaster splint or cast are more often the causes of bony 
ankylosis than is the invading organism. The importance of traction 
with daily mobilization cannot be too often emphasized. 

Injuries which cause damage of the cartilages within the knee joint 
are frequently followed by bone-cell proliferation and a joint synos- 
tosis. 

Occasionally bony ankylosis is due to a displaced fragment of a 
fracture with malunion, the fragment acting as a mechanical bonv 
obstruction to joint movement. ^ 


Operative PR0CEDOT!E.-^peraUve treatment of these conditions 
must be considered. In the last-described condition, the bony obstmc 
tion can often be removed, ivith a good functional result following 
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purpose of the gradual, forcible Increase of extension Is usually indi- 
cated. 

The hinged appliance with the upper and lower arms of the appli- 
ance connected by a lurnscrew can be firmly attached to the posterior 
aspect of the thigh and leg and then, by the gradual turning of the 
screw, the amount of extension can be forcibly increased. 

Whenever gradual, forcible flexion or extension devices arc used, 
they should be removed frequently for inspection of the joint to ascer- 
tain if a traumatic reaction has followed these maneuvers, or to 
ascertain if the knee is gradually returning to its original fixed posi- 
tion. If the amount of movement gained by gratlual forcible flexion 
or extension is lost after removal of the appliance, it usually indicates 
a traumatic reaction. When this is present, mechanical force should 
be abandoned for the slower but surer methods of physical therapy. 


\ 
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Physical therapy is indicated in these cases for the purpose of over- 
coming muscular atrophy and maintaining the strength of the quadri- 
ceps muscle. This can be accomplished by massage, leg exercises, and 
faradism to the quadriceps. 

Positions of Function. — ^When, following knee-joint trauma, loss 
of function is threatened or inevitable, the surgeon must guard against 
faulty positions of stiffening and make sure that when the patient 
does recover, he will have the greatest possible usefulness in the dam- 
aged extremity. 

I recently talked with a number of orthopedic surgeons concerning 
the best position of ankylosis of the knee joint. Several felt that the 
leg was most useful when akylosed at approximately a io° flexion 
angle. A few others preferred full extension as the best position of 
function when complete ankylosis was inevitable. 

In working men, especially when they must be on their feet all day 
and considerable walking Is involved, I believe the full extension posi- 
tion gives more strength and causes less backache and tiredness in the 
lumbar region and groins. The slightly flexed position makes the anky- 
losis less apparent and probably is more comfortable and more useful 
for the sedentary worker. 

The tendency for certain deformities in the knee joint to develop 
during long periods of immobilization must be guarded against. 

As the knee joint is stiffening following severe trauma, there is a 
tendency for an undue flexion position to develop. A flexion ankylosis 
beyond a io° to a 15 *^ angle is extremely disabling. 

A genu hyperextension or backward angulation of the knee joint 
is prone to develop during a long period of rest in bed in lower extrem- 
ity injuries. Frequent change of position of the knees, and especially 
flexion and extension exercises, are the best means of preventing this 
deformity. ^Vhen this is impossible, a posterior splint or a pad in the 
popliteal space is always indicated. In placing the lower extremity in a 
cast, it is better to have a slight degree of flexion present to avoid this 
danger of hyperextension. When the nature of a trauma calls for a 
complete extension of the lower leg, the popliteal space should always 
be padded to prevent hyperextension. 

The concoynUant injuries of other joints in the lower extremity must 
alwap be borne in mind in the surgery of trauma. Protection of func- 
tion in the hip and ankle joint while treating a traumatized knee joint 
is imperative. The avoidance of flatfoot and the making sure that the 
foot does not drop below a right angle will be of the greatest assistance 
in restoration of function in the knee joint. 


Ankle Joint and Foot 

Loss OF FUNCTION in the ankle joint followng trauma is most fre 
quently the result of loss of the dorsiflexion foot function. An ankle 



lOQ {Ch»PUt 5 

lUo VVolutQ* 11 


Knee 


Arthroplasty . — Arlhropbsly o( the knee joinl is indicated only in 
selected eases. In .severe fractures into this joint, with bony ankylosis 
which has oblitcratcti all signs of the joint s\irfnccs and with the (eg 
in fairly good position, it is never imlicaled. Stability of the knee joint 
is the first consideration, and the risk of giving a flail joint in such 
cases must be borne in mind. In cases of bad displaccmenl, such as a 
marked flexion of the lower leg with a stiff knee joint, especially in 
younger individuals, the operation may be performed. Unless one can 
be quite sure of remodeling a good, firm knee joint, it is better to 
straighten the leg and allow H to ankylo^e again in this improved 
position. In many cases of infection where bony ankylosis has oc- 
curred without complete loss of the contour of the joint surfaces, 
arthroplasty is indicated, hut only after several months have elapsed 
since the active infection has ceased. 

In 1919 I observed Dr. Putti, of Itologna, Italy, perform this opera- 
tion and was impressed with the extreme care with which he remodeled 
the exact contour of the condyles and the norma! depressions In the 
head of the tibia, followed by a most painstaking rclining of the joint 
by a pedicle fascial transplant. He demonstrated 13 eases operat^ 
on in the past, ait of which i»ad more than 75 per cent function in 
the knee joint. 


Active and Asstsico Active hlovExiLST.— Success in these eases 
since then has been due to the proper selection of the subject, the care 
exercised in remodeling the articular surfaces, the use of a sufficiently 
large fascial transplant, long-continuc<l traction, and the early use of 
assisted active motion to at least 50 per cent of the normal joint 
movement, followed by active motion in the knee joint after six 
weeks and associated with physical therapy until the createst possible 
function Is obtained. 


Encouragement of these patients to persist in their efforts to re- 
gain function IS of the greatest importance. One should make some 
form of measuring appliance, showing the limitation of motion before 
the operauon and the increase in the amount of motion gained as time 
goes on. Nothing is so encouraging as actually visualizing the prog- 
ress m the range of joint movements ° 

This measurement oj joint nroyement during the period ot treat- 
ment of any of these old jornt inturies is ahvays an incentive to eir- 
couragement and cooperation on the part of the natient 

Following certain very severe traumas oi the kr^ee joint with marked 

arthroplasty, 

Mechanical splints, leather knee iacket«; o* *• 
splints have been developed for the' p^teii^ a“Srt" 
flail knee joints. Operative procedure for the purpose of an rrthrodesis 
is indicated in most of these cases. Prolonged frLion wUb in 

the extension position must tollnw. '= ‘>'0 >0S t" 
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Early mobilization of the various joints involved in the ankle and 
foot is imperative if fibrosis and a certain amount of stiffness are to be 
avoided. The foot and ankle stand immobilization better than the 
wrist and band, due to the fact that these patients are usually up on 
crutches, are swinging the foot and lifting it into different positions, 
and frequently bear a certain amount of weight upon the extremity 
even though it is in a cast. Immobilization with a certain amount of 
function continued is less disastrous than immobilization with com- 
plete absence of function. 

The badly swollen foot which results from crushing trauma should 
be relieved as soon as possible- Hemorrhage under the strong fascia 
of the foot, if allowed to persist, often results in a fibrosis. We do not 
see the effects of ischemic paralysis in the foot as often as in the upper 
extremity. We see the “congealed foot” oftener than the “congealed 
hand.” This usually follows a prolonged persistent swelling, and espe- 
cially a persistent swelling combined with prolonged immobilization. 
It always results in a painful foot and is usually accompanied with 
cyanosis; clammy skin; thickened, hard, swollen tissues; and a stiff, 
useless foot. 

Treatment. — The acute conditions of the foot and ankle and vari- 
ous deformities of these parts are treated In other chapters. Treatment 
here will be limited to the restoration of function in old disabling con- 
ditions following traumas to these joints. 


TRAtJMATIC ARTHRITIS OF ANKLE JOINT 

Traumatic arthritis of the ankle joint occurs in older individuals 
who usually show a tendency to arthritis in other joints. A severe con- 
tusion of the ankle joint In an old individual may result in this 
condition. The early x-rays are frequently negative and the condition 
is treated as one of contusion and sprain. At first there may be con- 
siderable mobility in the ankle joint, but this gradually decreases, and 
pain is complained of more and more. After a few weeks a second 
x-ray is taken which usually reveals osteo-arthritic deposits along the 
astragalus or tibial surfaces of the joint or an area between the tibia 
and external malleolus of the fibula. Prolonged immobilization, espe- 
cially in older individuals, is to be avoided as far as possible.’ When 
there is a possibility of joint cartilage injury in these contused, sprained 
traumas, traction with separation of the joint is essential. Every day or 
every other day, the extremity should be released from traction how- 
ever, and heat, massage, and active exercise by flexion, extension and 
lateral movements should be allowed. Passive movements wth the’dan- 
ger of carrying these exercises beyond the pain point is never indicated 
Too early weight-bearing frequently predisposes to osteo-arthritis 
in this joint. However, after the condition is established and sta- 
tionary, weight-bearing, although painful, should be encouraged. Per- 
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joint may completely lose its lateral movement and yet, if this power 
oY dorsiflexion of the fool remains, the patient can be comfortable and 
useful. Loss of anteroposterior movements of the ankle joint, especially 
in the cquinus position, is the most disablinR. 

Injuries which destroy the normal vertical weight-bearing angle 
through the ankle joint always result in a certain amount of loss of 
function. This may follow fractures in the lower end of the tibia and 
fibula; Pott’s fractures, with a backward angulation of the distal 
fragments, rarely a fonvard angulation of llicsc fragments; and a 
fracturp through the lower end of the fibula, often resulting in an 
abduction deformity followed by a traumatic valgus position of the 
foot. A traumatic varus position frequently follows fractures through 
the malleoli. All these result in a loss of the vertical weight-bearing 
angle. 

INTRA‘ARTICUI^\R INJURIES 

Intra-articular injuries may result in a traumatic arthritis, due to 
damage to the joint cartilage, a contusion of the joint follow’cd by 
infection with or without the formation of pus, fractures extending 
into the joint with a fragment of the fracture protruding into the 
joint forming this type of arthritis, or partial or complete dislocations 
of the ankle joint. In the latter, a separation between the astragalus 
and the externa! malleolus, often resulting in a valgus position and a 
partial forward slipping of the tibia on the astragalus, is not uncommon. 


PERIARTICULAR INJURIES 

Periarticular injuries^ most often resulting in loss of function are 
severe crushing injuries of the ankle with fibrosis of the capsule, liga- 
ments, aponeuroses and tendons; infections following severe injuries 
m the neighborhood of the ankle, resulting in the same fibrosis; and 
tears ^ the lateral ligaments following severe sprains or sprain frac- 
tures. The whole condition often results in a weak ankle or turning of 
the ankle. 

The ankle joint and joints of the hind toot and the joints of the 
forefoot are so closely related in function, anti several o/these arc so 
frequptly involved concomitantly in the injury, that restoraUon of 
aimed both at the ankle and 

Prevention of Loss of Function r ^ 

ankle must be treated from the standpoint of^ tJnl 
weight-bearing angle, the maintenancTof a 

«t“ s 

conditions from developing as a permanent deformity. 
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least two weeks. During this period the use of diathermy will help 
relieve the pain and swelling. In the absence of diathermy, hot fomen- 
tations or the contrast bath, 12 min. of a hot local foot bath, then 3 
min. of a cold local foot bath, or alternating hot and cold fomenta- 
tions, will all help decrease the marked swelling and reaction about 
the ankle and foot. A pillow or blanket splint during this period 
will prevent redislocation and is usually all the splintage that is neces- 
sary. From the third to the seventh day, very slight assisted active 
exercises may be used. During this period, massage of the foot, ankle, 
and leg, following the direction of the venous flow, and given daily, is 
indicated. After a week the amount of active exercise can be increased. 
At the end of two weeks a light, molded boot splint holding the foot 
always at a right angle and protecting the back and sides of the ankle 
can be applied and the patient allowed up on crutches. He may now 
go home and report for physical therapy treatments at least every 
other day. These consist of heat, massage, and an increasing amount 
of exercise. At the end of a month, weight-bearing can usually be 
allowed. The contrast bath used two or three times at home by the 
patient with frequent periods of rest with the leg elevated higher than 
the buttock will prevent the swelling of the foot so common in frac- 
tures and dislocations in this region. From the fourth to the sixth 
week it may be necessary to protect the ankle by a firm bandage or 
adhesive strapping, but at the end of that period, if the above active 
treatment has been carried out, recovery is usually complete. 


OLD DISLOCATIONS OF ANKLE JOINT 


Old complete dislocations of the ankle are seldom seen. Operative 
procedure is usually necessary to overcome the contracted tendons, 
fibrosis, and the malposition of the bones when one of these cases of 
old dislocation is seen. I have had ortly one such case. 

Old partial dislocations with loss of function are not uncommon. 
Closed manipulation with a Thomas wrench will usually overcome 
lateral or medial partial dislocations. This should be followed by from 
two to six weeks’ immobilization in a foot splint. The latter should be 
removed daily, or every other day, after the third day for hot contrast 
baths, massage, and assisted active and active exercises. Occasionally 
I put on a cast with walking calipers and do not remove it for three 
weeks. Every effort must be made to prevent fibrosis within the ankle 
joint or foot joint by maintaining mobility and exercise to as great an 
extent as possible. 


Anteroposterior partial dislocations of long standing may be reduced 
by closed manipulation under anesthesia. If this fails however opera 
live interference is necessary. Occasionally a tenotomy on the’ tendon 
Achilles, combined mth closed manipulation, will overcome the de 
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srthat walking can be pcrformctl without pam. 


rURUUlNT ARTHRITIS OF ANKLT. 

Purulent nrthritit or tiirccl infections of thc j°™‘ /'TiS””!- 
fraclnres into the 

ways require adequate drainage it pus forms, itrainagc 
oints me not indioalerl. They may be Tr^^but 

lateral incisions with drainage down to the joint may be necessary, 



Fic 33 — Case of punsknt aTthdtis ol ankk joint. 

throush-aml-through drainage tube practically always means erosion 
of the joint cartilage Frequent active movements of the joint are moi- 
cated during this period of drainage (Fig. 32). 


DIS1.0CAtl0N5 OF ANKLE JOINT 


Dislocations of the ankle joint ate to be reduced at once. Prolonged 
'-vtlnhnj7ation in a cast following reduction \s never indicated, even 
the application of a cast to the dislocated foot will allow the 
i'ni to be up and around on crutches After reduction of the re- 
^^tly dislocated ankle, the patient should be treated in bed for at 
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are seldom markedly displaced. Rest in bed and traction to keep the 
joint surfaces separated, combined with heat, massage, and early 
active motion, will usually give a good functional result. 

DISLOCATIONS OF ASTRAGALUS 

Dislocations of the astragalus are not uncommon. Cotton describes 
eleven different varieties of this injury. It is frequently accompanied 
with open lesions Harked damage to tendons and to the ligaments of 
at least four of the foot joints usually accompanies this dislocation. 

Effort should be made to reduce these dislocations by the closed 
method as soon as they are seen. Reduction may be aided by the 
Thomas UTench. Failure at closed methods should be followed by an 
attempt at open reduction. Pressure of the dislocated bone upon the 
soft tissues soon results in sloughing and infection. The latter is a 
serious complication in this condition. Therefore great effort must 
be made not to damage unduly the tissues during the attempt at 
closed reduction, and failure of this method should be followed at once 
by an open arthrotomy. If the injury is a pure dislocation and no 
fracture is present, it can usually be reduced. Complete removal of 
the dislocated astragalus is sometimes necessary, but it should be 
avoided when possible. If it is complicated nith fracture, it is almost 
impossible to reduce the dislocated fractured fragments, and its re- 
moval is therefore necessary’. Never should pressure necrosis and the 
dangers which follow this be allowed to develop from leaWng a dis- 
located fragment of the astragalus intact. 

Following reduction, redislocation is very rare and need not be 
greatly feared during the active treatment of the condition. Mobiliza- 
tion of the foot with heat and active movements are far to be pre- 
ferred to immobilization by cast treatment. Great attention must be 
paid to the protection of the badly contused, often partially necrosed 
soft tissues. Figure 33 illustrates one of my cases in which the dis- 
located astragalus was replaced, this treatment being followed by early 
use of heat, massage, and active exercises. The result was the complete 
restoration of function within six weeks. 


FRACTURES OF THE TARSAL BONES 

Fractures of the os calcis, astragalus, scaphoid, cxiboid, and any of 
the cuneiform bones seldom occur without a certain amount of damage 
in the adjacent joints of the foot. Much of the pain and disability 
which follow fractures of the os calcis are due to associated joint in- 
jury’ in the astragalus-calcaneus joint, either the result of the trauma 
or the result of the prolonged treatment of this fracture 
Fractures in the bones of the foot necessarily require a certain 
amount oi fisation. Ever,- etiort should be made for the best possible 
re-apposit.on of these fractured fragments, othernise painful foot may 
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FRi^CTUR^ OF MAtLLOLUS 


Fracture of either malleolus with marked scpviralion between the 
malleolus and astragalus may result in a gradual valgus or varus posi- 
tion when weight-bearing is allowed. Keposition of these malleoli to a 
position as nearly normal as possible is Ibercforc indicated in all such 
fractures. As a rule, in the marked displacement of the malleolus fol- 
lowing fracture, especially the internal malleolus, I make a small semi- 
lunar incision over the antcromcriial aspect of the ankle joint, avoiding 
the tendons and exposing the fractured fragment. The displaced mal- 
leolus is pushed or hooked up into its normal position, the fractured 
surfaces being carefully approximated. Two mattress sutures of No. 2 
chromic catgut are then appliw! through the fascia and periosteum of 
the fractured fragments and tied, thus holding them in close apposi- 
tion. A second line of continuous catgut Is sewed through the torn 
fascia to strengthen this fi.xation and the wound is dosed without 
drainage. 

In addition to the advantage of replacing this fractured fragment, a 
large amount of old blood and blood clots is evacuated from m’thin 
the ankle joint, I have performed this operation some eight or ten 
times, and in every ease there Is always a marked hemo-arthrosis. 
These patients recover more rapidly and with better functional results 
than do those whom I have attempted to treat by the closed method. It 
is indicated only when there is marked displacement of the malleolus. 
When these cases are treated by the closed method, aspiration of the 
hemo-arthrosis is indicated, if, as often happens, there is marked swell- 
ing of the ankle joint. 


A boot or stirrup spUnt with the ankle slightly inverted Is applied 
following either the closed or open method of treating these fractures. 
If the external malleolus is involved, a straight position of the foot 
IS preferable to inversion. Extreme inversion as formerly practiced 
IS seldom necessary. From three to seven days following the appli- 
cation of the splint, It is removed, and massage of the foot, ankle. 

‘a or every other day until 

^e ten h to the fourteenth day. By this time the wound is healed. 
The stitches are removed, and heat, massage, and slight active move- 
ment can be started. By the end of the fourth week, considerable 
active movement on the part of the patient may be allowed without 
danger of refracture. Here again, contrast baths, various forms of 
heat applied daily, or every other day. 

of active movement will hasten recovery and nm- 

longed swelling in the ankle and foot ^hlch ^fol 

lows six weeks of immobilization inTca^ 


FKACTURES INTO ANKLE JOINT 

Fractures through the infra-articular face of ^ . 

through the urticular surface of the astragalus are no^ un"on bS 
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These cases should be treated either by prolonged gradual mobiliza- 
tion of the joint by physical therapy meth^s or by a period of physi- 
cal therapy followed by manipulation. 

Heat and Massage. — Heat is always indicated. It may be given as 
diathermy, hot fomentations, hot baths, and preferably, contrast baths 
or hot paraffin baths as advocated for the hand. Massage, first of the 
stroking and later of the kneading type, accompanied with a sense of 
stretching and freeing of adhesive bands, should be given daily. 

Exercise. — ^Exercise, especially active movements by the patient 
himself, is most valuable. If there is no contraindication for active 
use of the foot, mechanical apparatus may be used to increase the 
amount of e.xercise. Pedaling a sewing machine or a jig saw is a good 



Fic 34 — A , an ankle cwrciser, B , same as Fig 34. a, 


occupational therapy maneuver. Figure 34 shows an ankle exer- 
ciser which has been very beneficial in overcoming stiff ankles due 
to fibrous ankylosis. Pedaling a bicjxle is another excellent exercise. 
The bicycle can be made stationary by holding the rear wheel from 
the floor on a bracket. None of these exercises should be persisted in 
until the part is fatigued, and if swelling or reaction follows, the 
amount of exercise must be decreased. 


Forceful Manipulation.— Forceful manipulation of the stiff 
ankle joint under anesthesia is a questionable procedure, although the 
ankle joint will stand this belter than most joints. Some advocate 
forceful correction, securing a certain amount of joint movement and 
then placing the ankle joint and the foot in a cast to hold this move- 
ment for a few weeks and then repeaUng the maneuver. Personallv I 
am opposed to the cast immobilization, especially immediately after 
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Fio 33—^. author’s ease of complete dislocation of the astraplus; P. 

Fig. 33. a, following operatn-c replacement of the dislocated astragalus; C, illustrating 1“' 
amount of function in the same case six weeks following the injur>-; D, same as Fig 33’'- 


follow. Seldom should immobilizalion of these fractures be perniUted 
for more than two weeks without removal of the cast or fixation splint 
for the purpose of heat, contrast baths, massage, and ankle move* 
ment. The day of prolonged immobilization of the foot in a plaster 
cast followed by weeks devoted to overcoming the swollen edematous 
condition of the member and the pain and stiffness so common in fo®^ 
injuries has passed. There will always be a certain number of these 
complications, but closer attention paid to physical therapy measures 
herein outlined will prevent the majority of them 


STIFF ANKLE JOINT DUE TO FIBHOUS ANKYLOSIS 

This is usually due to prolonged fixation following fractures in the 
lower extremity or to sepsis following either local trauma or a sec- 
ondary infection. As a rule, the ankylosis is in a faulty position, and 
too often It IS accompanied by a certain amount of fooldrop 
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BONY ANKYLOSIS OF THE ANKLE JOINT 

If the weight-bearing angle and the position of the foot are practi- 
cally normal, it is questionable whether an attempt should be made 
to overcome the stiffness. When the ankle joint, however, is ankylosed 
in a faulty position, operative procedure is necessary. Sometimes only a 
wedge of bone from the anterior portion of the anUe joint is removed 
to allow the foot to be brought to 90® of dorsiflexion. Sometimes the 
operation is for the removal of an obstructing piece of bone which has 
been displaced into the joint at the time of the fracture. Sometimes a 
refracture through the lower end of the tibia and fibula wth a reset- 
ting operation to restore the weight-bearing angle is all that is neces- 
sary. In a few cases a typical arthroplasty of the ankle joint may be 
indicated. 

Whatever the operative procedure, it should be followed routinely 
by heat, massage, and exercise in order to restore the greatest pos- 
sible amount of function. 

A cautionary note must be added concerning too early operations 
on the ankle joint, folloning a septic process. An infection at the site 
of a partial or complete arthroplasty can very easily spoil the result. 
Likewise, too early weight-bearing following an arthroplasty can start 
up an osteo-arthritis in this joint which will be disabling. Here, again, 
a prolonged period of traction is indicated following the operation. 
In many of these cases a walking caliper with traction from a shoe 
to the end of the caliper can be used. This will keep the joint surfaces 
separated and at the same time will give the healing advantages and 
function-restoring proclivities of the use of the leg and foot. 


THE “CONGEALED FOOT 


Mention has already been made of the “congealed foot.” The entire 
foot is swollen and firm. The skin is stretched, blanched, or cyanotic, 
is usually cold, and is often covered with a clammy sweat. The swell- 
ing usually includes the entire front portion of the foot from the as- 
tragalus to the toes. The patient complains of pain, and because of the 
pain he seldom bears any weight upon the extremity. He either uses 
crutches or hops. IMien visited in his home, he will be found going 
around the house resting the knee of the injured extremity upon a 
straight-back chair and moving this chair with him. I have recently 
seen a case of this nature of four years’ standing Several years ago I 
had such a case referred to me from Jefferson Barracks which had 
persisted for two years A heavy object fell upon this patient’s foot 
fracturing two of the metatarsals. The foot was badly swollen from 
the time of the accident and this stcelling, which was at first somewhat 
edematous and soft, gradually became firm but persisted the entire 
two years. I treated this foot for eight months without relieving the 
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..nipniation under pas, becn« 5 e of the danger of srfiag and trau- 

matic reaction from tlic treatment. jiionnv recime, as out- 

After two weeks of a verj- aet.vc be coa- 

lined just above, more forceful ‘ therapy often show 

sidcred. These two %vcck5 of prolonged nld infection. A 

whether there fs a tendency tor recurrence o " taSoP 
slight innamraatory reaction or even a roll »'5 '„icd out 
old scars. Certainly no "’■’"'K-' -".Prif to 
in the presence of a potential infection. If tberc i . p , ;; iPe 

two weeks of strong ntass.;.ge and "«>« m k se and «P e« 
parts have been loosened up somowknl b> K ' i^ljred. The 
manipulations, preferably without front the ankle 

foot is grasped and strong traction is ""''r Gentle 

joint. Ustmlly there is a certain .-imoiinl of '““ e fnklc joint, work- 
but increasingly strong flexion and extension of *,5 „c now 

ing it back .and forth, followed by strong laler.al p*, 

carried out by the surgeon. The p.iticnl will ,oinctiroe5 

but as a rule it is not severe. A scns.ation ''rr’r 'PS “ ji^d move- 
of a sudden tear of an adhesion, followed by a jmmedi- 

menl of the toot, frequently f""’!""’''®' 'esc (oot 

ately following manipulation, heat, the whirlpool bath, or 1 
bath is used and the patient is instructed "LsLe,and 

to maintain the amount of movement gained. The heat, ma b i^^y 
exercise ate persisted in daily, and after " ."'‘"'b a to™ ad 
manipulation is carried out. Thus by .nUcrnating pbys ca therapy^ 
manipulation, function can be restored in the majontj ol case 

”*^Occasionally a tenotomy on the tendon Achilles is 
times a great deal of time and effort must be expended to osc 
swelling in the foot, the poor circulatory condition of the foot, an 
footdrop before the ankle condition can be manipulated. ® \\T\ea 
the above manipulations must be carried out under anesthesia, 
this is done, the Thomas wrench is usually used. The condition 
corrected is usually an equinus position of the foot with an wt^ 
area of fibrous adhesions between the end of the tibia and the bo 
of the foot or between the fibula and the bones of the 
tion of this deformity by forceful manipulation with the 
wrench may require a certmn amount of fixation of the foot^ in tn 
corrected position to prevent recurrence. A metal aluminum spl'ut or 
nlaster splint moulded to the back and opposite side of the foot, lea • 
ine the injured areas open for the application of heat and massage, 
K^ter than the application of a plaster cast. Within three days the 
immobilization splint can be removed for a treatment of heat, mas- 
g and slight exercise, after which the splint is reapplied. The more 
. ^uent the periods of mobilization and exercise following forceful 
^ nipulntion, the less danger there is of recurrence of the conditio^- 
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This treatment is persisted in for from two to three weeks. Occa- 
sionally the patient will bear weight upon his foot gingerly at the end 
of that time, but as a rule, weight-bearing will not be tolerated. How- 
ever, improvement in the condition depends to a large extent upon 
redeveloping function. Two years ago Dr. Ralph Carothers, of Cin- 
cinnati, Ohio, suggested to me the use of a walking caliper in these old 
"congealed feet.” Since then I have used it in two cases with what I 
consider excellent results. 


Use of Walking Caliper.—A plaster cast is applied from the toes 
to just below the tibial tuberosity at the knee. In this cast is encased 
a walking caliper. The patient is then given a pair of crutches and 
taught to walk, bearing the weight of the injured leg upon the iron 
loop of the caliper projecting below the cast. After the patient has 
learned to walk with this caliper, he is allowed to go home and persist 
in this walking for four weeks. He then returns to the hospital or 
the physical therapy laboratory, when the caliper is removed and an- 
other seance of two to four weeks of heat, massage, and efforts at 
active exercise are carried on. Again the walking caliper is applied and 
the patient is allowed to return home for another period of four 
weeks. Usually, upon his return at the end of this period and follow- 
ing a period of massage and exercise, the patient can be persuaded to 
walk in a shoe, the leather of which has been cut so that it will fit his 
foot. If possible, he is persuaded to give up crutches and use canes. 
Continued use of the foot with continued contrast baths, massage, and 
exercise usually completes the cure of this condition. The treatment 
often must be persisted in for months. 


Case IV.— Figure 35 shows a foot which was so badly crushed that 
amputation of three of the toes %vas necessary. The foot remained badly 
swollen and developed into the typical “congealed foot." The patient was 
referred to me from West Virginia His local physician, according to the 
patient, had advised an amputation above the ankle. He had been treated 
by “every kind of light known,” so he stated. He was finally pronounced 
a permanent total disability case. A\Tien he was referred to me, four years 
had elapsed from the time of his injury. At the first examination, the patient 
would not allow me to touch the stumps of the amputated toes. He wore 
padding inside his sock over the amputated stumps and wore no shoe. 
He was using crutches but walked around the office by hopping. The foot 
was swollen more than twice the size of the well foot. My first inclination 
was to advise an amputation of the leg at the site of election, viz the 
junction of the lower and middle thirds of the tibia. Before recommending 
this, however, I placed the patient in the hospital and started the above 
treatment. At the end of two weeks 1 was able to massage lightly over the 
end of his stump and could massage the rest of the foot The walking 
caliper was applied and he was allowed to return to his home He used the 
walking caliper for six weeks before he reported again. The extra two weeks 
»cre added by the patient because he dreaded to give up the caliper He 
remained in the hospital t«o and a half treelts for physical therapy as 
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condition. Five years later I heard that this patient was still using 

crutclics* • 

The prevention of this condition is to relieve the persistent swelling 

which frequently 'he foot. The presence of 

a fracture should lull ‘he surgeon to sl^ 

over the conditior . . to hemorrhage over the 

dorsum of the foot and under the thick plantar fasoa. J 

short time, such a foot docs not yield to the elevated position wii 
the application of hot and cold fomentations and the use of the con- 
trast bath, it is wiser to make several small incisions and evacuate tn 
blood clot and the blood scrum than to leave these in place to bccom 
organized, shut off the circulation, probably develop a low-grade ccn • 
litis in the foot with a certain amount of endarteritis, and finally, m 


"congealed foot.” ^ 

When such a case presents Itself, the surgeon is immediately co • 
fronted with two problems; (i) how to overcome the pain m this lOO 
so that the patient uill tolerate a certain amount of massage ana 
assisted active motion; as a rule, such a patient is vcr>' nervous; he is 
afraid to let the surgeon touch his fool, even for examination, ano 
will jerk it away at the least attempt at massage; and (a) how to 
secure the great advantage of function and exerdse to help ovcrcotne 
the condition— in other words, how to make the patient walk on this 
extremity. The habit of not using it for months and often years must 
be overcome. 


Improvement of Ctrctjlation.— Such a patient should at first be 
treated In the hospital. The first efforts are directed toward improve- 
ment of the circulation. As described in similar conditions in the hand, 
the contrast bath is an excellent stimulation of circulation. The foot 
is immersed in a local foot bath with the temperature of the water 
from loo^ to no® F. (37.7® to 43 - 3 ® C.) or more if the patient 
can stand it. After 12 min. of this bath, the foot is immediately im- 
mersed in a second bath of cold water of approximately 40° 
(44° C.) for 3 min. This contrast bath is repeated three times, 
and given twice daily. The patient is then put to bed and the foot is 
elevated on pillows and encased in large, hot fomentations, the base of 
the fomentations being a saturated solution of magnesium sulphate. 
The fomentations are changed every two hours. For a period of one 
■ tions, the foot is placed under 
the evening the contrast bath 
:-i-- , , - ' light are kept up during the 

night. After three days m this treatment, light massage is started in 
the nature of stroking, beginning at the toes and extending up the 
foot and leg in the line of venous flow. The strength of this massage is 
increased as the patient can stand it. If the skin shows signs of becom- 
ing water-logged, the hot fomen^tions and contrast bath are replaced 
by the hot paraffin bath as desenbed under Hand Injuries. 
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Functional Joint Conditions 

This could make a chapter in itself, and therefore only a few of the 
conditicns will be mentioned. 

TRAUMATIC NEUROSIS 

The more cases of trauma one sees, the less is his tendency to diag- 
nose them as traumatic neuroses. Many of the latter have, as an under- 
lying basis, a minute, often undiscoverable organic lesion which, if 
ferreted out, accounts for the apparent neurosis. A small adhesion 
within the knee Joint may cause pain upon certain movements. Physi- 
cal findings are practically negative and the x-ray is of no assistance. 
The patient, however, learns to avoid these sensations of pain by de- 
veloping the habit of avoiding the given movement. A faulty function 
of the joint follows. The palienl may visit many physicians who, 
failing to find an organic explanation of the condition, tell him there 
is nothing ivrong and that it is only a nervous condition. The oftener 
he is told this, the more self-conscious he becomes, and the more he 
feels misunderstood. Naturally such a patient develops a certain 
amount of neurosis. Therefore, before classifying any patient as neu- 
rotic, careful search should be made for all possible organic explana- 
tions of the condition. 

Many cases of joint injuries are treated by prolonged immobilization 
with disuse of the muscles, and nothing special is done to preserve 
muscle coordination and joint sense. As far as ordinary examination 
goes and as far as x-ray evidence shows, the trauma of the joint is 
“cured.” However, the patient cannot or will not use the member. At 
examination the surgeon too often gives his sole attention to the 
patient’s exaggerated efforts to use the member and to the neurologic 
findings of atypical areas of anesthesia and changes in the temperature 
sense. Jlost of us fail to grasp the fact that prolonged immobilization 
and disuse lower the sensitiveness of the sensory nerve endings and 
therefore may contribute to the neurologic signs frequently responsible 
for the diagnosis of neurosis. Finally, seeds of phobia are often planted 
in a patient's mind by the physician, the relatives, or by some inter- 
ested lawyer, and these fears, combined with the long disuse of the 
muscles and Joints, may be the underlying cause of his neurosis. I 
am quite sure that in the above-described case of “congealed foot,” 
the removal of fear of amputation and of permanent disability and 
the encouragement given to this patient during the period of his treat- 
ment decreased considerably the symptoms of neurosis which were 
discovered in his case during his first two weeks in the hospital. For 
example, this patient had atypical areas of anesthesia over bis fool 
and lower extremity. These areas of anesthesia were variable that is 
they were present in one area at one examination and at the second 
examination were absent over that area but present over another He 
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Fic 35 — Walking caliper in case of congealed foot. 


■walking with the aid of two canes. After two weeks of further physical 
therapy, he reported to my office with practically no swelling in the foot. 
He l^d had a shoemaker remove the piece of leather inserted in the top 
of the new shoe, thus restoring the shoe to normal, showing that the 
swelling had disappeared That day he had walked six miles, using h« 
ranes only for assistance He informed me that he intended to walk back 
10 his hotel after leaving my office— a distance of a mile and a quarter. 
This natient is almost cured, but treatment will continue until he has dis- 
carded his canes. I believe he will be able to return to light work in another 
two months. 
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immediately the wrist flew into its stiff position and the fingers became 
extended and rigid. I immediately ordered the patient up for a second 
anesthetic but he refused to go. I then told him that I would try to reduce 
the condition under local anesthesia. A rather large, dull needle was used 
and salt solution was injected on the dorsum of the wrist and hand. This 
was done none too gently and the patient complained bitterly. I told him 
that the injection must be made several times until we began to notice 
movement in his wrist and fingers. Injections were repeated and attempts 
made to move these parts. Finally, a little motion was gained and was 
gradually increased until again we had the wrist dorsiflexed and the fingers 
completely flexed. They were again bandaged in this position. Three days 
later the bandages were removed, and although some stiffness returned, ue 
were able to secure considerable movement in the wrist and fingers Again 
they were bandaged in the flexed positions. Two days later the bandages 
were left off and massage and joint reeducation e.xercises were started. 
The patient ^"as told to make pulp balls and each day he was to give me 
from 12 to 2 0 pulp balls on my return visit. Within two weeks the condition 
was cured. In my judgment this was a true case of traumatic hysteria. 


Case VI. — A second patient was recently referred to me with a stiff knee 
joint. He had been operated on some eight months previously for a dislo- 
cated internal semilunar cartilage. Following this operation, a plaster splint 
was applied to the posterior aspect of his leg and thigh and was left in place 
for six weeks before it was removed. Many attempts had been made to 
secure movement in the knee, but without result. The patient walked stiff- 
legged with a rather exaggerated limp and complained of pain in the knee. 
I kept this patient at the hospital and started physical therapy in the form 
of heat, massage, electric stimulation of the muscles, and assisted active 
exercises Within two weeks the patient had developed a 45* flexion of his 
knee. Progress seemed stationary at this point. Under general anesthesia I 
w’as able to secure 90® of flexion of the knee joint T\nthout any trouble. 
The knee was bound in this position and the patient allowed to awake. He 
complained of some pain and discomfort but seemed happy over the amount 
of flexion obtained. While he was under the anesthetic, further flexion 
seemed limited This limitation of motion gave the sense of fibrous limi- 
tation rather than of bony obstruction. Undoubtedly a certain amount of 
contraction of the capsule and ligaments and foreshortening of the weaker 
flexor group of muscles accounted for this limitation of flexion. Further 


physical therapy was given and we were alwa>-s able to secure the 90® 
flexion of the knee. Further flexion was gradually returning. It was my 
opinion that this patient would make better progress at work rather than 
by continuing physical therapy treatments, therefore he was discharged. 

Two things bad happened to account for this patient’s neurosis: Right 
after the operation the doctor had told him that he had cut one of The 
ligaments and that the sewing up of this ligament had shortened it so that 
the patient must not expect to have full range of motion in the knee joint 
The surgeon who performed the operation Jived in another town. WTien he 
saw the patient at the end of six weeks wilh the posterior splint still in 
place, he criticized the local doctor in the presence of the patient statin-^ 
that the splint left on so long was liable to make a stiff knee. In mv ooinion 
these two things contributed to the neurosis. After returning home thh 
patient refused to go to work until a settlement nas made for his 'knee 
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made exaggerated efforts to swing liis lower leg wlicn first examined, 
and, as one of my assistants expressed it, “If liis foot wasn’t so swol- 
len, I would call him a iicuro.” All llicsc signs and symptoms have 
disappeared with the improvement of the condition of the foot. 

A pure traumatic neurosis in a joint usually gives the picture of a 
stiff joint. Occasionally it is a flaccid condition of the joint. The history 
of injury is often very slight. AVhen the condition of marked stiffness 
develops immediately after a slight injury', I am more suspicious of 
its being a neurosis than when it develops several days or weeks after 
the injury. In the latter I am suspicious of adhesions or of other 
causes of painful joint which hold it rigid. Frequently the hysterical 
stiff joint has only the manifestation of stiffness and there is no com- 
plaint of pain. If the condition is seen early, there is no swelling. If 
areas of anesthesia arc found about the joint early, I am more sus- 
picious of their being due to a functional condition than when they 
are seen late and after long disuse of the muscles. In the latter in- 
stance the condition may be due to lowered sensitiveness in the scnsoiy 
endings. 

Examination under anesthesia Is one of the best means of differen- 
tiating between the functional stiff joint and the stiff joint due to some 
obscure internal derangement. 


Case V.~^1s patient was referred to me for a .stiff wrist joint. The 
condition followed immediately after a falling rock hit the hack of the 
patient s wrist during a blasting In a quarry. His nhi-stcian stated that 
the wrist was never swollen but that the Client complained from the start 
of severe pmn. The wrist was held perfectly straight and rigid with the 
fingws rigidly extended. The patient would not tolerate manipulation because 
of alleged pain. He was seen by me some three months following the injury. 
By this time the rigid position of the wrist and hand had caused a certain 
amount of slight swelling and cyanosis in the e.xtremity. (Try holding your 
own hand rigid in an awkward position for jo min. and note this tendency 
to swelling and cyanosis ) Physical examinations were negative except for 
Je rigidity and alleged pam over the back of the wrist and hand. The entire 
dorsum hand showed anesthesia to pin prick. X-ray e.xamination was 

negative The condition pereisted even when the patient was asleep. It 
was explained to the patient that a diagnosis could not be made without 
an anesthetic. 

Under rather deep anesthesia I rras able to Hex and extend the wrist 
wrthonl any evidence of rKistance as from adhesions or b“ny obstruction. 
The hngers could likewise be hexed and extended. The syrist was placed in 
dorsiflexion, the lingers completely flexed, and the th™* abducted and 
then the entire hand and mist were (irmly bandaged “^^5 Son The 
pattent was allowed to awake from his anesthesia Ind tos letSd to bed. 
When he beaime sufficient y awake to tealite the posirton of h™ hand and 
wrist, he cned bitterly and complained of oain ° -a.® f Lnoire 

was given to him. Sedatives were administeed, and a her he aw*e from 
them his complaints of pam were less violent. The next dsv t™bandagis 
were removed for the purpose of exereWng the wrist and fingers Almost 
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immediately the wrist flew into its stiff position and the fingers became 
extended and rigid I immediately ordered the patient up for a second 
anesthetic but he refused to go. I then told him that I would try to reduce 
the condition under local anesthesia. A rather large, dull needle was used 
and salt solution was injected on the dorsum of the wrist and hand. This 
was done none too gently and the patient complained bitterly. I told him 
that the injection must be made several times until we began to notice 
movement in his wrist and fingers. Injections were repeated and attempts 
made to move these parts. Finally, a little motion was gained and was 
gradually increased until again we had the wrist dorsiflexed and the fingers 
completely flexed They were again bandaged in this position. Three days 
later the bandages were removed, and although some stiffness returned, we 
were able to secure considerable movement in the wrist and fingers. Again 
they were bandaged in the flexed positions. Two days later the bandages 
were left off and massage and joint reeducation exercises were started. 
The patient u'as told to make pulp balls and each day he was to give me 
from 12 to 20 pulp balls on my return visit. Within two weeks the condition 
was cured. In my judgmetvt this was a true case of traumatic hysteria. 

Case VI — A second patient was recently referred to me with a stiff knee 
joint. He had been operated on some eight months previously for a dislo- 
cated internal semilunar cartilage. Following this operation, a plaster splint 
was applied to the posterior aspect of his leg and thigh and was left in place 
for six weeks before it was removed Many attempts had been made to 
secure movement in the knee, but without result. The patient walked stiff- 
legged with a rather exaggerated limp and complained of pain in the knee. 
I kept this patient at the hospital and started physical therapy in the form 
of heat, massage, electric stimulation of the muscles, and assisted active 
exercises. Within two weeks the patient had developed a 45* flexion of his 
knee. Progress seemed stationary at this point. Under general anesthesia I 
\vas able to secure 90*' of flexion of the knee joint without any trouble. 
The knee was bound in this position and the patient allowed to awake. He 
complained of some pain and discomfort but seemed happy over the amount 
of flexion obtained. While he was under the anesthetic, further flexion 
seemed limited. This limitation of motion gave the sense of fibrous limi- 
tation rather than of bony obstruction. Undoubtedly a certain amount of 
contraction of the capsule and ligaments and foreshortening of the weaker 
flexor group of muscles accounted for this limitation of flexion. Further 
physical therapy was given and we were always able to secure the 90“ 
flexion of the knee. Further flexion xvas gradually returning. It was my 
opinion that this patient would make better progress at work rather than 
by continuing physical therapy treatments, therefore he was discharged. 

Two things had happened to account for this patient's neurosis: Right 
after the operation the doctor had told him that he had cut one of the 
ligaments and that the sewing up of this ligament had shortened it so that 
the patient must not expect to have full range of motion in the knee joint. 
The surgeon who performed the operation liwd in another toum. WTien he 
saw the patient at the end of six weeks with the posterior splint still in 
place, he criticized the local doctor in the presence of the patient stating 
that the splint left on so long was liable to make a stiff knee. In my opinion 
these two things contributed to the neurosis. After returning home this 
patient refused to go to work until a settlement was made for his’ knee 
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FORMS OF PHYSICAL THERAPY 


This chapter has been written for the average surgeon who must 
depend upon the intelligent use of his hands and the common-sense 
use of the ordinary physical therapy apparatus usually available for 
the treatment of his cases. 

Machines. — Diathermy machines, expensive quartz lights, various 
kinds of electrical apparatus, and other more or less complicated forms 
of machine therapy should be provided by a physician in your com- 
munity who is specializing in physical therapy. Every hospital should 
have a thoroughly equipped physical therapy department supervised 
by a physician familiar with the use of these more expensive and more 
complicated types of physical apparatus. The surgeon should be able 
to refer his cases to such a department for intelligent, common-sense 
physical therapy treatment. On the other hand, the surgeon should not 
lose interest in his case when it Is referred for such treatment. It is 
only by close cooperation and coordination of effort between the physi- 
cal therapy department and the surgeon that the best results in func- 
tional restoration can be secured. 


Occupational Therapy. — Occupational therapy should be made a 
definite part of, or should be coordinated with, the physical therapy 
department. There is an increasing number of well-trained physical 
and occupational therapy technicians who can be placed in these de- 
partments. To leave the physical therapy and occupational therapy to 
the technicians, unsupervised by a physician especially qualified in 
physical therapy, or, if this is impossible, unsupervised by the surgeons 
in the hospital interested in securing functional restoration, is a mis- 
take. The departments will grow and increase in usefulness just as 
the interest of the staff in these departments grows. The technicians 
realize this fact and are most anxious to have their work supervised. 


Importance of Physical Therapy. — ^WTien physicians and surgeons 
realize that physical therapy definitely belongs to the medical and 
surgical field, they will cease sending these cases for unsupervised 
treatment to la 3 mien who are developing so-called physical therapy 
offices in almost every city. Masseuses, gymnasts, health institutes, 
osteopaths, and others who are treating all comers by their various 
methods of massage, manipulation, and exercise instead of working 
in close cooperation with the physicians who know the needs of their 
patients, belong in the class of cultbts. 

In this chapter on Joint injuries, I have gone into considerable de- 
tail concerning the physical therapy measures employed for each 
individual joint. The surgeon must realize that the problem is more 
complicated in many of these cases than the mere heating massarintr 
and cxemsing the given joint. The joint is a component part of 
the extieraity. The injury itself or the prolonged disuse of muscles 
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nerves, tendons, and ligaments in the remaining portion of the cjctrem- 
ity may account for the loss of function. No matter how much alien* 
tion is given to restoration of function in one joint, our efforts maybe 
nullified if ^Ye fail to treat the joints, muscles, nerves, and other soft 
tissues in the rest of the extremity. 

Coordination of the muscles and redevelopment of joint sense are 
essential in restoring joint function. Thus, in injuries of the loner 
extrennty, tne^ entire attention must not be directed to the stiffened 
knee. The patient must be taught how to swing his entire leg, how to 
abduct and adduct the leg, how to flex and extend his foot, how to 
walk in a straight line, climb stairs, and climb over objects, how to 
stand on his tiptoes, and similar exercises, all directed to reestablish- 
ing muscle coordination. 

Influences such as gravity and other conditions responsible for the 
assuming of faulty positions in an extremity must be constantly 
guarded against by the use of proper splints, traction, and corrective 
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CHAPTER FOUR 


PHYSICAL THERAPY IN BONE AND JOINT 
TUBERCULOSIS 

Willis C. Campbell, M.D, 

The occurrence of tuberculosis in bones and joints is but an incident 
in the dissemination of a constitutional disease; orthopedic treatment 
alone is consequently ineffectual and every effort must be employed 
to eradicate the systemic infection. The aim of antituberculosis 
therapy is to utilize to the highest degree the body's reparative powers 
by means of rest, a high caloric diet, drugs, tuberculin, fresh air and 
sunlight. Orthopedic treatment, whether nonoperative or surgical, con- 
sists of measures which prevent deformity and immobilize the affected 
articulation until the tuberculous process has been arrested by natural 
forces. The local and constitutional treatment cannot be dissociated 
except for convenience in description, but since light therapy has such 
a definite action on the tuberculous process, it should be employed 
routinely in every case of bone and joint tuberculosis. 

Etiology. — The infectious nature of tuberculosis had been suspected 
for many centuries, but it was not until 1882 that Koch succeeded in 
isolating and cultivating the tubercle bacillus. Several types of tubercle 
bacilli are recognized, but only two types, the human and the bovine, 
commonly cause infection in the human body. The bovine type of in- 
fection is more prevalent in children than in adults, the incidence of the 
bovine type constituting nearly one-third of the total number of cases 
in very young infants. When all ages are considered, the incidence of 
bovine tuberculosis amounts to only one-fourth of the total number of 
cases. There is no essential difference in the pathologic reaction pro- 
duced by the two organisms, so that for practical purposes, differentia- 
tion of them may be disregarded. The portal of entry in either case is 
through the mucous membranes of the alimentary canal or respiratory 
system. The invasion of these tissues is followed by tuberculosis of 
the lymphatic nodes, cervical or mesenteric, and from this focus, the 
bacilli are distributed through the blood stream to the bones or joints. 

In addition to the infecting organism, two other causative factors 
should be considered; first, the predisposition of the patient and 
secondly, the local conditions that favor the implantation and growth 
of the bacillus. Hereditary transmission has been disproved but direct 
infection from association with a tuberculous member of ’the family 
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is of frequent occurrence. Mild trauma w an accepted predisposing 
cause, while severe trauma, as extensive fractures or crushing of the 
joint surfaces, is rarely, if ever, followed by tuberculosis. Bone and 
joint tuberculosis is essentially a disease of childhood, beginning more 
often between the ages of three and five, but it is undoubtedly more 
common in adults than is generally known, as many eases of chronic 
arthritis continue until death ensues from other causes without a cor- 
rect diagnosis having been made. Joint tuberculosis is usually a mon- 
articular affection. The spinal column is affected most often, next m ^ 
frequency being, respectively, the hip, knee, and ankle joints; the 
joints of the upper extremity are less often invaded. 


Pathology. — The tubercle bacillus causes infiammatory change 
which are so characteristic that a diagnosis may be made by histologic 
examination, even without the finding of the bacillus. The histopathol- 
ogy of tuberculosis in a joint is the same as that of a tuberculous 
process elsewhere in the body. Following the deposition of the tubercle 
bacilli in the tissues there is a proliferation of the cells lying in dir^t 
contact with the bacteria which results in the formation of a tubercle. 
The microscopic examination in the early stage shows an accumulation 
of endothelial leukocytes and surrounding this, an area of lymphocytes. 
Later, the endothelial leukocytes in the center of the tubercle coalesce 
and form a giant cell of the foreign body type. At this stage, the 
giant cell is surrounded by a zone of amorphous glandular material. 
Encircling this, and encroaching upon it, is another zone composed of 
endothelial leukocytes, many of which show a radial arrangement of 
their nuclei. Finally, there is an invasion by lymphocytes, polymor- 
phonuclear leukocytes, and fibroblasts. As the lesion becomes older, 
the fibroblasts are found nearer the center of the tubercle. The blood 
vessels become occluded, resulting in necrosis, and the to.xins which 
are elaborated by the bacilli may also produce disintegration and 
caseation. 

The^ pathologic process usually begins in the bone, just external to 
the epiphysis, in the vascular area known as the metaphysis, although 
primary tuberculosis of the synovial membrane is occasionally ob- 
served. There is a gradual atrophic and destructive process which In- 
vades the joint from without, the articular surfaces being undermined. 
Coincidently with invasion of the bone, there is a sympathetic arthritis, 
and after the joint is invaded, there is a gradual proliferation of the 
synovia, hypertrophy of the villi, formation of granulation tissue in 
. . ' /s. There may be a change 

' . , . iluxation or complete dis- 

' leation and necrosis; they 

' ' beneath the skin as fluc- 


• irom one '-'j 

j ■ . ■ . . el,., '“-ved, the resistance of the 

individual, and the virulence of the infection. 
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Symptomatology. — The chief symptoms of joint tuberculosis are 
pain, disability, limp, swelling, stiffness and night cries. The physical 
findings are swelling of the joint, with or without apparent increase of 
the synovial fluid, muscular atrophy on either side of the joint, in- 
creased local temperature and daily elevation of the general body tem- 
perature. The onset is gradual and insidious; spontaneous pain and 
pain on attempted motion are early symptoms. The pain is referred to 
a more distant point in the extremity when the disease is in the proxi- 
mal joints, as the hip and shoulder; when the disease is in the peripheral 
joints, the pain is local. Swelling is more apparent in the superficial 
joints and the local heat is usually increased. Muscular atrophy occurs 
earlier and progresses more rapidly than in other joint affections. JIus- 
cular spasm, or rigidity, is a characteristic manifestation. Local symp- 
toms are more definite in children than in adults. 

The muscular spasm limiting joint motion is less pronounced in 
adults and years may elapse before there is any material impairment 
of function. This is due to the fact that the bones of adults are harder, 
more dense and not so easily invaded as the bones of children. In 
the acute stage, deformity may be caused by muscular spasm, but in 
the later stages the malposition may be attributed to muscular and 
ligamentous shortening, to bony destruction or to ankylosis in a faulty 
position. 

At the onset the patient is usually well nourished, and there may be 
no debility until the symptoms become acute, with excessive pain and 
loss of sleep. Loss of weight is rarely observed until the late stage 
or as the result of some complication, such as secondary infection. 
The temperature at the onset may be moderately elevated; in tuber- 
culosis of the hip or spine, the afternoon temperature seldom exceeds 
37 - 2 ° to 37 - 7 ° C. (99® to loo® F.), but when the knee, ankle or 
elbow is involved, the temperature is usually elevated to 38.3° to 
38.8® C. (loi® to 102® F.). Constitutional symptoms are more ap- 
parent in children than in adults. In adults, fever is much lower than 
in children; moreover, in adults the disease may continue indefinitely 
without elevation of temperature unless complicated by secondary 
infection. 


The most frequent complications are tuberculous abscess, pulmo- 
nary tuberculosis, tuberculous meningitis and secondary infection with 
pyogenic organisms. Abscesses, when deep, may be evidenced by a 
slight increase in temperature and may cause symptoms by mechanical 
pressure according to their location. Secondary infection is the most 
common late complication, being the cause of high temperature nieht 
sweats, excessive loss of weight, and often death by the synereetic Ic 
t,on of pyogenic bacterm and the Bacillus lubcnulom. Amyloid degen- 
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joint fluid or material from a cold abscess may be aspirated and 
submitted to the laboratory (or examination, but the tubercle bacilh 
are not often easily demonstrated in the fluid. Injection of the as- 
pirated material into guinea-pigs may be made to confirm the diag- 
nosis', at the end of six weeks the guinea-pig is killed and an 
autopsy made to reveal any evidence of tuberculosis. This test is 
seldom of value in the early stage, as the organism is rarely present 
in the fluid until destruction begins. The test is also accurate only 
in proportion to the proficiency of the examining pathologist. Biopsy 
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is becoming more popular as a diagnostic measure and may be em- 
ployed with impunity in all superficial joints, such as the knee and 
ankle, but in the light of our present knowledge, it is certainly not prac- 
tical in such locations as the hip and spine. 
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Diagnosis. — The charncleristics of Itibcrculoiis joint (Hsca«e arc 
chronicity and bone destruction with hut slight tendency to new bone 
formation. The diagnosis can often, but not always, be made by the 
symptoms and physical c.xamination. There arc no abnormal changes in 
the blood which arc of diagnostic value, except that a high cell count 
differentiates or indicates a secondary' pyogenic infection. The von V\x- 
quet skin test is of value in children under twelve years of age, and is 
of greater significance wlien negative than when positive, as a large 
percentage of apparently normal persons give a positive reaction. The 
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is becoming more popular as a diagnostic measure and may be em- 
ployed v,ith impunity in all superficial joints, such as the knee and 
ankle, but in the light of our present knowledge, it is certainly not prac- 
tical in such locations as the hip and spine. 
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RoKNTGENoscorY. — In (he earlier stages the roentgenogram is gen- 
erally negative and is of but slight diagnostic value until there has 
been definite invasion of the bone. The first signs noted arc paleness 
of the osseous .structure and distention of the capsule of the joint. 
After several months, destructive changes may be observed beneath 
the articular surface which is undermined. Erosion of the surface is 
observed only after extensive invasion of Ibc joint, and, as the process 
advances, all parts of the joint will be destroyed. In the spine, the 
roentgenologic demonstration of paravertebral ab<tcess may be the 
first positive evidence of tuberculosis, preceding any visible change in 
the vertebrae, although the abscess may be unrecognized in many 
eases. The abscess appears as a spindle-shaped mass, symmetrical and 
bilateral, surrounding the affected area of the spine. Paravertebral 
abscesses occur commonly in tuberculosis of the dorsal vertebrae; 
the frequency is considerably Jess in the other portions of the splpe. 
The finding of an abscess, however, is important in establishing 
definitely a diagnosis of spinal tuberculosis, in determining the limits 
of the disease, and in evaluating the progress and prognosis of the 
particular ease. 

Little or no new bone formation takes place during the repair of 
tuberculous joints. With subsidence of the disease there is a gradua 
condensation of bone in the area involved and a restoration to normal 
osseous structure in the bone surrounding this area. After the process 
has entirely subsided, the bone will be increased in density as compared 

• ■ marked as in joints ssWi* 

• . • • ' ' ; 1 ^ ■ When sinuses and second- 

. , . ' • ■ : irmation may be observed. 

Heahng without infection by (he production of osseous tissue is more 
prevalent in tuberculosis of the vertebrae than in involvement of other 
joints. 


Nonoperative 'Treatment,^ — ^The importance of instituting treat- 
ment as possible and of enforcing the necessary procedures 

conr--‘— * - ' ' Tuberculosis is an evolutionary pro<J- 

the length of time required for such 
r • A r , should be under close ob- 

seryalion for a period of at least three years. The treatment consists 
of local measures and constitutional therapy, applied simultaneously 
and continuously until the disease process is arrested and encapsulated- 

Ijimobiuzation and Thaction.— P revention of deformity may ke 
considered to be the keynote of orthopedic treatment. Immobilization 
by apparatus allays muscular spasm and relieves pain. Traction may 
also be applied to separate the inflamed joint surfaces. Apparatus must 
be employed for a long period of time; it must maintain the joint in the 
most useful position tor future function and should be so designed 
that it can be easily removed for heliotherapy or other light Ifeat- 
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ment or, if not removable, will not prevent the light rays from reach- 
ing the entire surface of the body. When ambulation is possible, the 
apparatus should be constructed so as to prevent motion and the pres- 
sure from weight-bearing on the diseased joint. These measures must 
be strictly and continuously employed in conjunction with any and 
all forms of treatment for tuberculosis of joints, whether constitutional 
or operative. Jn those observed in the early stage, or even in a later 
stage before the deformity has been fixed by strong adhesions, mal- 
position can often be corrected by special apparatus which, by well 
directed force, often combined with traction, very gradually and 
slowly aligns the affected part in the most useful position. 

Care must be exercised at all times not to induce force too rapidly. 
Brisement ford, or forcible movement either with or without anes- 
thesia, must be employed with great caution in the treatment of tuber- 
culous joints. Unfortunately this procedure is used very commonly, 
but such practice is capable of producing serious damage. Fibrous 
adhesions are more resistant than bony structures and therefore crush- 
ing of the atrophic' extremities of the bones, gross fractures, and 
violent reaction within the joint, followed by further organization and 
stronger adhesions, may result. An even more serious contraindication 
is the probability of reactivating the local process, causing further dis- 
semination of the disease and resulting in disastrous complications, 
such as tuberculous meningitis, which is always fatal. 

The Ankle . — Conservative treatment with heliotherapy may be 
employed successfully in children with tuberculosis of the ankle, but 
it is rarely practical in adults on account of the length of time re- 
quired to effect results. In all affections of the foot, apparatus must 
be employed to maintain the foot at a right angle to the leg. This 
may be accomplished by a plaster of paris cast extending from 
the upper third of the leg to the tips of the toes. From involun- 
tary contraction of the tendo achillis and the force of gravity there is 
a constant tendency for the foot to fall into the position of equinus. 
A common error is made by applying a cast with the foot in this posi- 
tion, thus causing a serious complication by inducing fixed contrac- 
ture of the tendo achillis. The cast may be bivalved so that either 
half may be removed without disturbing the position of the extremity 
when heliotherapy or other light treatment is given. Splints may be 
made of plaster of paris, celluloid, aluminum, steel or other material 
and when walking, a brace is necessary to relieve the foot from the 

pre-sciiri. 1 : — 

to ■ 

become arrested; this requires from two to three years of continuous 
heliotherapy and other antituberculosis measures carefully adminis- 
tered. Partial immobilization, correction of mild contractures and re- 
lief of pain from muscular spasm are often accomplished by traction 
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Roentgenoscopy. — In the earlier stages the roentgenogram is gen- 
erally negvTtive and is of but slight diagnostic value until there has 
been definite invasion of the bone. The first signs noted are paleness 
of the osseous structure and distention of the capsule of the joint. 
After several months, destructive changes may be observed beneath 
the articular surface which is undermined. Erosion of the surface is 
observed only after extensive invasion of the joint, and, as the process 
advances, all parts of the joint will be destroyed. In the spine, the 
roentgenologic demonstration of paravertebral abscess may be the 
first positive evidence of tuberculosis, preceding any visible change in 
the vertebrae, although the abscess may be unrecognized in 
cases. The abscess appears as a spindle-shaped mass, symmetrical and 
bilateral, surrounding the affected area of the spine. PoravertcDral 
abscesses occur commonly in tuberculosis of the dorsal vertebrae, 
the frequency is considerably less in the other portions of the spine- 
The finding of an abscess, however, is important jn establishing 
definitely a diagnosis of spinal tuberculosis, in determining the hm^ 
of the disease, and in evaluating the process and prognosis of the 
particular case. , . 

Little or no new bone formation takes place during the repair o 
tuberculous joints. With subsidence of the disease there is a gradual 
condensation of bone in the area involved and a restoration to normal 
osseous structure in the bone surrounding this area. After the process 
has entirely subsided, the bone will be increased in density as compared 
to normal bone, but the contrast Is never so marked as in joints which 
have been infected with pyogenic organisms. ^A^lcn sinuses and second- 
ary infection are complications, new bone formation may be observed. 
Healing without infection by the production of osseous tissue is more 
prevalent in tuberculosis of the vertebrae than in involvement of other 
joints. 

Nonoperative Treatment. — The importance of instituting treat- 
ment as early as possible and of enforcing the necessary procedures 
consistently must be emphasized. Tuberculosis is an evolutionary 
ess that runs an indefinite course; the length of time required for such 
evolution varies considerably, but all cases should be under close ob- 
servation for a period of at least three years. The treatment consists 
of local measures and constitutional therapy, applied simultaneously 
and continuously until the disease process is arrested and encapsulated. 

Immobilization and Traction. — Prevention of deformity may be 
considered to be the keynote of orthopedic treatment. Immobilization 
by apparatus allays muscular spasm and relieves pain. Traction may 
also be applied to separate the inflamed joint surfaces. Apparatus must 
be employed for a long period of time; it must maintain the joint in the 
most useful position for future function and should be so designed 
that it can be easily removed for heliotherapy or other light treat- 
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the spine. A plaster of pans cast or a plaster bed may be made which 
conforms closely to the contour of the back from the head to the tip 
of the sacrum. In young children, ambulatory apparatus should e.xtend 
from the occiput to the knees. In older children and adults, ambulatory 
apparatus does not need to be so e.\tensive. The Taylor spinal brace 
is sufficient for all lesions in the dorsal and lumbar spine below the 
level of the eighth dorsal vertebra. WTien the disease process is above 
the sixth dorsal vertebra, a head support must be attached to the 
spinal brace. 



Fic 4 — Diagram to show the increase of ecposurc first twcht dzyi. 


The Shoulder . — Tuberculosis of the joints of the upper e.xtremity 
is rare, especially in children, and the treatment is generally conserv’a- 
live. The joints should be immobilized in the position most useful for 
function. The most ser\'iceable position for the shoulder is about 140 
degrees’ flexion, slight internal rotation and 135 degrees’ abduction. 
This position can be secured by a plaster of paris cast applied to the 
extremity and body and extending to the iliac crests so as to obtain 
firm support. The elbow and wrist are usually immobilized as well 
but the cast should not e.xiend beyond the metacarpophalangeal joints 
m order to permit free motion of the fingers. The cast may be bivalved 
for heliotherapy. The position may be maintained also bv a met7l 
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which is secured by a weight and pulley — the wcH-known Buck's eX' 
tension. The extension at all times must be in a direct line nith the leg; 
when deformity is present, the pull should be begun in the angle of 
deformity and the apparatus adjusted as the deformity is corrected. 
The most efficient means of immobilizing the knee is a plaster cast 
which should extend from above the iliac crest to the toes. Splints of 
various types may be employed, the most satisfaclorj' of which is the 
Thomas knee splint. This appliance with minor modifications may be 
used for the purpose of fixation and fixed traction during rccumbencj” 
for fixation as an ambulatory splint; and for ambulation with stilting 
and partial weight bearing by attaching the lateral bars to the shoe by 
means of a steel stirrup or, preferably, a caliper joint. Apparatus must 
not be discarded until the roentgenogram demonstrates complete or- 
ganization of the osseous union, during which time physical therapy 
should be employed routinely. 

The Hip . — If efficient orthopedic measures arc instituted early and 
maintained throughout the active stage, the destructive process is 
restricted. The hip should be maintained in the most useful position 
for future function. Traction by Buck’s extension may be instituted, 
the traction force being applied in the position of deformity and ad- 
justed as the malposition is reduced. Apparatus to immobilize the hip 
must extend from the nipple line to the toes on the affected side and 
m m<»t instances the opposite thigh must also be included. Fixation 
may be secured by a biyalved plaster of paris cast, or some modi- 
fication of the Thomas hip splint. The caliper brace is employed fre- 
quently as a convalescent measure in affections of the hip joint, to 
prevent w'eight bearing. ^ ' 

The S/>OTC.--Imraobilizalion of each region of the spine presents 
a different mechanical problem. However, certain principles applicable 
to the entm spine will be considered with such variations as are re- 
quired in the separate repons. The spine should be maintained in hy- 
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bone in the vertebral body, there is a tendency toward flexion of the 

factor, and apparatus for ?he pu^e S fixa ! oJ 

support the superincumbent weight of the 

spine, fixation cannot always be s«u«d lower lumba 

both hips. “veureo without including one or 

When the process is acute, reenmbenev with 1 c .■ • 
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purpose, the patient is placed upon a Bradford 

the head is applied to overcome muscle snasm^wu”^’ fu'* 

upper dorsal regions are affected; traction to cervical or 
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curved at the level of the disease process totScJil^p^xtenTn o1 
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on windows to protect smallpox patients against pitting was revived 
Niels Finsen in 1893. The study of this problem led indirectly to 
use of light for treating lupus, rodent ulcer and tuberculosis, i 
resulted in the founding of the Finsen Light Institute at Copenhag 
In 1902, Bernhard noticed that meat exposed to sunlight at h 
altitudes did not putrefy. This observation led to the resumption 
the treatment of surgical wounds with sunlight. The folloxving y 
(1903) Rollier opened the Sun Cure Institute at Leysin, Switzerli 
and placed heliotherapy upon a systematic and scientific basis. 
The energy which is emitted from the sun consists of a series 
frequencies which are measured in hypothetical wavelengths in tei 
of units of the metric system. The rays travel in straight lines at c 
stant speed but they vary in wavelengths. The shortest visible r 
are the blue and violet and beyond them are the shorter invisible 
traviolet rays or chemical rays. Beyond these again are the still shor 
roentgen rays and the gamma rays of radium. The shortest and 
most recently discovered are the cosmic rays, supposedly genera 
by the synthesis of helium from hydrogen. The longest rays that 
visible are the red rays, beyond which are the longer invisible inf 
red rays or heat waves which comprise radiant heat. The long 
known group of rays are the hertzian or electric rays which meas 
up to one thousand feet In length and which are used at the pres 
lime primarily as carriers in wireless telegraphy. Sunlight acts 
the organs of sight and has the three properties of heat product! 
light production and chemical action. All wavelengths appear to p 
sess some light and heat properties and the ability to influence che 
ical reactions. As a rule, however, heat production is chiefly associa 
uith the infra-red and red rays. The visible rays from red to vie 
differ from the rest chiefly by reason of their visibility, while the m 
active rays chemfcaily are the ultraviolet. 

Rollier regards the ultraviolet or actinic rays as the curative ag 
in tuberculosis and calls attention to the fact that all parts of the sp 
trum (red, orange, yellow, green, blue, indigo and violet), as well 
the invisible rays, are more intense at high altitudes, and that s 
sonal variations in the width of the spectrum are not so marked as 
low lands. Such variations, he thinks, are due to the formation 
ammonia and nitrous compounds in the atmosphere from electri 
phenomena, especially in the warmer months. The invisible rays ; 
contracted and the effects of the solar treatment are thus decreased 
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The Elbow . — The most serviceable position for an elbow is that 
Nvhich places the forearm at slightly less than a right angle to the 
arm, with the forearm in supination or in the midposition between 
supination and pronation. A plaster cast for immobilizing the elbow in 
this position should extend from the metacarpophalangeal joints to 
as high in the axilla as is possible or consistent with (he comfort of 
the patient. The cast may be bivalvcd or the posterior half may be 
used as a splint. 

Splints conforming to the anterior or posterior surfaces of the ex- 
tremity may be employed, but (he posterior splint Is more efficient and 
comfortable. This apparatus consists of an arm and forearm piece 
conforming to the posterior surfaces of the hand, forearm and arm 
from the metacarpophalangeal joints to a point on the arm at a level 
with the posterior axillary fold. As the forearm normally is in the 
position of about 15 degrees* valgus as related to the arm, the forearm 
piece ort the splint must be joined to the arm piece at a correspond- 
ing angle. 

T/ic — The most serviceable position for the wrist joint is 

extension or dorsiflexion, for in affections of this joint there is an ever 
present tendency toward palmar flexion and Ju.tation. Plaster casts 
may be employed to prevent this deformity, or a simple splint made of 
sheet metal, called the cock«up splint, may also be used. This splint 
should extend from the middle of (he palm to the upper third of the 
torearm. A^ notch should be cut over the palm to allow for the ad* 
ducted position of the thumb and the thenar eminence. At the wrist 
joint the splint is bent backward or cocked up, to hold the hand io 
the desired degree of dorsiflexion or extension. 


Heliotherapy.— -T he beneficial effects of the sun's rays upon dis- 
Since ancieni times; the first per- 
radiation in treatment rvas John Gadsden 
^ht PaOcnls in the thirteenth century, with red 

light to prevent scaring. The treatment of ulcers by sunlight 
was undertaken by Faure in t 

t.-nne hv Tp PaxtL r wounds and inflamma- 

tions by Le Peyre and Le Comte in 1776 The aDDlication of 
this method of treatment to tuberculosis was probably made on 
a rational scale by Bonnet of Lyons in 1845. This pracl-ice ^105 to 

have been discontinued soon afterwarH ^ i. • i u • nirrM 

if<5 rhpmiral -.nH hi^t out the physical basis of light 

and its cbemical and biologic actions continued to be the subject 
of investigation of numerous seventies, rv, • oe me suuj 
that the effect of sunlight on thetS wS'nnt .S W 

rays and, therefore, must be due to the oltl srr 

Downes and Blunt published the tesuiis nt ^ 

beam of light was dispersed with a tirism nnu ,f^cnments in which 
allowed to fall on plated cultu^^™ 

tards the growth of bacteria and, fotthSmore « 

posures necessary are in the ultraviolet region. The use o/«d fhaS 
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circulation. The appetite is improved and the digestive functions are 
more normal. The metabolism is also accelerated, although this is 
probably due not to light action alone but to the coincident e.\posure 
to fresh outdoor air. It has been shown that the blood platelets, if low 
in number, may at times be markedly increased by ultraviolet radia- 
tion; the lymphocytes may also be increased. The erythrocytes and 
hemoglobin are probably not increased by light alone, altitude playing 
an* important role in their production. Increase in the red cells and 
hemoglobin, however, has been observed constantly in patients treated 
by heliotherapy at Jlemphis, Tenn., where the elevation is approxi- 
mately 300 feet above sea level- 

TccAn/c.— Heliotherapy can be given to better adv’antage in institu- 
tions especially equipped for the purpose. WTien this is not practical, 
instruction for several weeks in an institution will be of material 
advantage before treatment is begun at home, which can then be car- 
ried out very effectively. A place which is protected from wind cur- 
rents should be selected for the treatment. A southern exposure is 
preferable so that both morning and afternoon sunlight can be secured. 
The location must be open above to the sunlight and not enclosed by 
glass, metal or wire screening. A cot or bed upon which the patient 
may lie should be provided. All clothing is removed, the head is cov- 
ered by a broad-brimmed hat and the eyes are protected from the 
glare of the sun by a pair of amber glasses. A sheet may be used dur- 
ing the first week to drape the unexposed portions of the body. 
After tolerance to the sun has been acquired, a T-strap is all that is 
necessary to cover the genitals. If the er^osure is begun in the winter, 
a blanket should be used instead of a sheet. When the sun is very hot, 
a damp cloth or ice-cap may be placed on the patient’s head. Ortho- 
pedic apparatus should be so constructed as to permit the sun’s rays 
to reach the skin. 

In summer when the sun is intensely hot, the exposure should be 
started as early as possible in the morning and should be resumed 
in the late afternoon, omitting the midday hours. In w’inter the best 
time for the exposure is in the middle of the day, beginning about 10 
a m. The e-xposure should be given as nearly as possible at the same 
time each day. When the patients are debilitated and when the weather 
is cool, e.xposures are made on the first day for five minutes every two 
hours. The feet and lower four inches of the legs are uncovered and 
exposed to the sunlight. Both the front and back surfaces of the body 
should be e.xposed and the areas alternated by lying first on the back 
and then on the abdomen On the second day the feet and legs are 
exposed as described for the first day. The sheet is then rai^d so 
that a new surface four inches above is e.xposed and the treatment is 
continued for three or five minutes longer. Thus the time of e.xposure 
on the original area is increased to eight or ten inches. Both front and 
back surfaces of the legs should be e.xposed. On the third day the time 
of exposure over the feet and legs is increased to fifteen minutes the 
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The physical and physioloRic effects of sunlight have !>«" studied 
exSsiveirSotvnes and IHunt showed that light «crts derm, e b c 
Sdal action and that the shorter Hsl, I rays ore co^ obso^ 
and produce intense hyperemia, resulting later 
in all prohabilily, acts indirectly on the body *'> ‘ J, t„ 

ous nerves and blood vessels, as no evidence has 
show that ultraviolet radiation ran penetrate into ^ 

body if employed in dosages suitable lor clinical use. rbe hyp 
the skin relieves the internal organs and tissues of much of Ueit 
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vascular contents, causing increased warmth, blood volume, and ci 
culation through the local area. With the production of cutaneou 
hyperemia, there is developed a more pronounced bacteriophagic an 
bacteriologic action of the blood stream. 

In addition to the analgesic effect of the cutaneous hyperemia, the 
direct action of light upon the nerve endings in the skin may als 
produce reflexly physiologic changes within the body. Constant ex- 
posure to sunlight induces pigmentation of the skin, stimulates the 
physiologic functions of the skin, and causes the skin to be more re- 
sistant to infection from without. The exposure also raises the calcium 
and phosphorous content of^ the blood, restores the natural tone oi 
the muscles, and causes an increase in density and dimension of the 
osseous structure. In addition, the sun treatment promotes 
respiratory activity which improves the heart action and the general 
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circulation. The appetite is improved and the digestive functions are 
more normal. The metabolism is also accelerated, although this is 
probably due not to light action alone but to the coincident exposure 
to fresh outdoor air. It has been shown that the blood platelets, if low 
in number, may at times be markedly increased by ultraviolet radia- 
tion; the lymphocytes may also be increased. The erythrocytes and 
hemoglobin are probably not increased by light alone, altitude pla3dng 
an’ important role in their production. Increase in the red cells and 
hemoglobin, however, has been observed constantly in patients treated 
by heliotherapy at Memphis, Tenn., where the elevation is approxi- 
mately 300 feet above sea level. 

Technic . — Heliotherapy can be given to better advantage in institu- 
tions especially equipped for the purpose. When this is not practical, 
instruction for several weeks in an institution will be of material 
advantage before treatment is begun at home, which can then be car- 
ried out very effectively. A place which is protected from wind cur- 
rents should be selected for the treatment. A southern exposure is 
preferable so that both morning and afternoon sunlight can be secured. 
The location must be open above to the sunlight and not enclosed by 
glass, metal or wire screening. A cot or bed upon which the patient 
may lie should be provided. All clothing is removed, the head is cov- 
ered by a broad-brimmed hat and the eyes are protected from the 
glare of the sun by a pair of amber glasses. A sheet may be used dur- 
ing the first week to drape the une.xposed portions of the body. 
Aker tolerance to the sun has been acquired, a T-strap is all that is 
necessary to cover the genitals. If the exposure is begun in the winter, 
a blanket should be used instead of a sheet. When the sun is very hot, 
a damp cloth or ice-cap may be placed on the patient’s head. Ortho- 
pedic apparatus should be so constructed as to permit the sun’s rays 
to reach the skin. 

In summer when the sun is intensely hot, the e.xposure should be 
started as early as possible in the morning and should be resumed 
in the late afternoon, omitting the midday hours. In winter the best 
time for the exposure is in the middle of the day, beginning about 10 
a m. The exposure should be given as nearly as possible at the same 
time each day. When the patients are debilitated and when the weather 
is cool, exposures are made on the first day for five minutes every two 
hours. The feet and lower four inches of the legs are uncovered and 
exposed to the sunlight. Both the front and back surfaces of the body 
should be exposed and the areas alternated by lying first on the back 
and then on the abdomen. On the second day the feet and legs are 
exposed as described for the first day. The sheet is then raised so 
that a new surface four inches above is exposed and the treatment is 
continued for three or five minutes longer. Thus the time of exposure 
on the original area is increased to eight or ten inches. Both front and 
back surfaces of the legs should be exposed. On the third day the time 
of exposure over the feet and legs is increased to fifteen minutes the 
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time over the second area to ten minutes, and a new surface of 
four inches is exposed for three or five minutes. The time and surface 
area on both sides of the body arc gradually increased in this manner 
until the entire body acquires tolerance to the sun and air and the 
proper dosage is secured. ‘ 

Vosage . — As the reaction of different individuals varies, no arbitrary 
rule can be made as to the maximum dosage; some patients ivill im- 
prove on ten hours daily, while others can stand only six. In robust 
patients, when the temperature is above 23.8® C. (75® F.)» tedious 
process of acquiring tolerance may be omitted and the entire body ex- 
posed for five minutes every two hours, increasing the amount from 
three to five minutes each day until the maximum time is reached. 
Especial care must be taken not to burn or blister the skin, for if this 
occurs the treatment will not only be delayed but the patient wll be 
discouraged and unnecessarily annoyed. If the patient has been sun- 
burned, give a shorter exposure the next time. The length of time given 
for exposure is for full sunshine. If the patient is exposed ten minutes 
on a partly cloudy day and fifteen minutes the next lime on a hot sunny 
day, he may be burned, even though the schedule is followed exactly* 
On rainy^days the sun should be utilized whenever it shines. MTien the 
weather is cloudy, the exposure is not so effective, but should be con- 
tinued routinely. The length of time may be increased on cloudy days 
after the patient has acquired tolerance. 

Heliotherapy must not be indiscriminately administered or much 
barm may accrue, if headache, iveakness, nausea or fever is present, 
the time of exposure should be decreased or the treatments discon- 
tinued temporarily, to be resumed later and more gradually. If Ibe 
sun IS very hot, decrease the time of exposure. Never keep the pa- 
tient out If he IS cold or chilly. Bring him in at once and see that he is 
well warmed. If the patient has discharging sinuses or open wounds 
on the body, the bandages may be removed and the part exposed, care 
being taken to keep flies away from the wound and from the soiled 
dressings, m discharge from sinuses is markedly increased after in* ' 
grlSe”' ^ ^ subsides and becomes less purulent as healing pro* 

Pigmentation or tanning of the skin, is essential to success and 
synchronous with clinical improvement. Patients who pigment re.ld- 
tly improve more rapidly than those who do not pigment and con- 
versely, response to treatment is not so satisfaclor? irthoU who do 
not tan or freckle, as blondes, particularly red Wondes Brunettes 

wi l become a mahogany brown; the ^^‘unaes. x>iuuc 

blacker and there is slight daC „[ 

merely a protective agent against the cau^tfir Pigmentation is ^ 
rays of thJ spectrum, but it i1 aTL^'rSItetofrf a 

tion of light, inasmuch as it chan^ a th “ 

dark light-absorbing one, Rosselet suggests tharon^-kf ^ 

the skin transforms the long light P'?"’™^ 


into shorter waves of deepef 
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penetration, thereby reaching the superficial blood vessels. Other au- 
thorities deny that sufficient evidence has been produced to prove that 
pigment transforms invisible rays into chemical rays, although Mayer 
states that it may well allow a greater and more prolonged utilization 
of the visible radiations. Another theory is that the pigment absorbs 
the visible and ultraviolet rays and converts them into heat which 
activates the sweat glands; the sweat in turn protects the body from 
excessive heat by evaporation. Whatever the exact mechanism is. 
it is well known clinically that individuals who pigment well tolerate 
more prolonged application of light and withstand exposure to extreme 
degrees of heat and cold more easily- 

The influence of heliotherapy on the pathologic process is demon- 
strated by the roentgenogram. About the time pigmentation is estab- 
lished, there is increased activity, as denoted by the breaking down of 
the osseous structure. Later absorption of necrosed areas will be ob- 
served, the affected bone becoming more opaque and, after a few 
months’ exposure, rapid destruction of the joint surfaces is observed. 
By the end of six or eight months the bone is often more dense than 
normal wth beginning fusion of the joint. The inflammatory exudate 
surrounding the affected areas becomes irregular and gradually dimin- 
ishes in circumference, or at times undergoes calcification. This rapid 
fevolution is probably due to the removal of devitalized tissue by 
natural forces, stimulated by the tonic action of the sun’s rays, and 
might easily be mistaken for an acute exacerbation. This hastening of 
the evolutionary process is also evident in those cases with secondary 
infection and draining sinuses, the discharge of which is markedly 
increased after insolation, but later subsides and becomes less purulent 
and more serous as healing progresses. 

The length of time required to secure satisfactory results varies, 
but excellent results have been obtained after as short a time as five 
months. In all tuberculous affections overtreatment is advisable. In 
every case at least two seasons of nine months’ insolation should be 
given, but in the majority, three years of continuous treatment. WTien 
the finances of the patient permit, there should be a close pursuit of 
the sun for the entire twelve months of the year, which can be acquired 
by moving to warmer climates, as Florida, southern California, or 
Texas during the winter season. A change of climate is often more 
essential in bone than in pulmonary tuberculosis, as many clinicians 
believe that climate has no influence on the latter condition. 


Actinotherapy. — In certain localities where the amount of sun- 
shine is limited and during the months when direct exposure to the 
sun’s rays is not practical, artificial heliotherapy may be employed 
although the same beneficial results arc not to be expected Among 
the various sources of artificial light are the carbon arc light the 
quartz mercury-vapor light and the roentgen ray. In deciding which 
IS the best of these when obliged to use artificial light, either wholly or 
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in part, preference should be given to the liglil that gives a spectrum 
most nearly resembling tliat of the sun, or whicli exhibits the greatest 
number of those rays which typify the therapeutic quality of sunlight. 
Tile carbon arc light alone exhibits a continuous spectrum like that 
of the sun, all others showing a line spectrum — that is, a spectrum con* 






Fic 6 — Roentgenogram showing result nt «... . 
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rays, but it is also highly efficient in both infra-red and luminous red 


rays. 

The Carbon Arc Light . — The light described by Strandberg and 
Reyn as the standard model at the Finsen Medical Light Institute is 
so constructed that it can carry an extremely powerful current. The 
power used is direct electric current of 75 amperes and the lamp re- 
quires 55 volts. The carbon electrodes are very thin, as it has been 
found that the thinner the electrodes, the more intense the white light 
and hence the richer in chemically active rays is the light radiated 
from the crater which forms on the upper or positive electrode. The 
rays from this crater are essentially the light used and they form a 
cone of brilliant light under which the patient must be placed. 

The room in which the treatment is given should be 5.4 by 7 meters 
and 4 meters high. The floor should be of noninflammable material 
and the wall painted a dark color, so that neither patient nor staff 
may be affected by the heat rays reflected from a light colored wall. 
Whenever possible a skylight or other ventilating device should be 
arranged to carry off the heal and fumes from the lamp. The windows 
should be constructed so that they can be opened from the top with- 
out being opened at the bottom in order to avoid drafts. The lights 
are suspended so that the distance from the anode to the floor is 
about three feet. The patients are nude and are placed in a circle about 
the lamp, being approximately four feet from the anode. Their eyes 
should be protected by goggles with ver>' dark amber lenses. The 
dosage must be carefully timed, and the operator should remember that 
lamps made by different manufacturers vary greatly in their intensity. 
Strandberg, at the Finsen Medical Light Institute, recommends for 
adults an initial exposure of from twenty-five to thirty minutes over the 


whole body. This dose is increased by from ten to fifteen minutes every 
other day until the full period of two and one-half hours is reached. 
The dosage with the American-made carbon arc lamp is usually much 
less than that advised by Strandberg. The lamp used at the North- 
western University Medical School produces a skin erythema in one 
minute at a distance of four feet. In children the initial exposure must 
be of much shorter duration and the dosage more gradually increased. 
When the maximum time is established, this dosage should be con- 
tinued unless the patient misses several treatments. \\Tien this occurs 
the time of exposure on resumption of treatment should be reduced ac- 
cording to the time lost, the physical condition of the patient and the 
amount of pigmentation still present. As in heliotherapy, treatment 
should be given continuously for from six months to two years 
Quartz Mcrcury-Vapor Xfg///.— The mercury arc is especially rich 
m the extremely short actinic or ultraviolet rays which have a rapid 
germicidal action. It does not, however, give a continuous spectrum 
and the long rays are entirely absent. All clothing is removed from 
the patient and amber eyeglasses or goggles are worn to protect the 
eyes. The patient is placed in a recumbent position and subjected 
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for three minutes during the first treatment to the action of the rays 
of the lamp, which is suspended twelve indies above the patient. As 
with the carbon arc lamp, it must be remembered that quartz mercury- 
vapor lamps made by different manufacturers vary in their intensity 
and that the same lamp loses strength gradually with use so that when 
new, the time of exposure must be shorter than after the lamp has been 
burned for a while. In children, one minute with the lamp suspended 
30 inches above the patient may be sufficient when using a lamp 
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baths are severe forms of heart disease, arteriosclerosis, nontubercu- 
lous nephritis, gastro-intestinal disturbances and acute illnesses with a 
temperature of over 38.3® C. (101° F.), unless the cause of the fever 
is kno^Ti and not considered to be a contraindication. 

Marine Treatment. — Marine treatment is the routine bathing of 
the tuberculous patient in sea water, and is of tonic value, espe- 
cially when combined with heliotherapy. The atmosphere absorbs a 
certain percentage of all kinds of rays, although not an equal amount 
of each kind, the degree of absorption being greatest in the case of the 
shorter waves. Therefore, at sea level sunlight mil contain compara- 
tively few ultraviolet rays and mil contain comparatively many blue, 
violet, luminous and heat rays. The effect of sunlight at the seashore, 
however, is greatly enhanced by the reflection from the white sand and 
from the mirror action of the surface of the water. Equally good re- 
sults are, therefore, secured at the seashore as in the mountains, 

Roentgenotherapy. — Treatment wth the roentgen ray is con- 
sidered by some authorities to be of value in the conservative therapy 
of bone and joint tuberculosis. Roentgenotherapy is not a specific 
treatment, but is considered to be successful only when there is a 
tendency to spontaneous recovery. The results are better in diseases of 
the small articulations and bones than in diseases of the larger ones. 
Tuberculosis of the toes, fingers, hand, foot, ankle, wrist, sternum and 
ribs is improved by this method. The elbow may also be treated to ad- 
vantage. The shoulder and knee are less amenable and treatment is 
not so satisfactory in disease of the hip, sacro-iliac articulations, and 
spine. In treating these latter conditions, deep therapy apparatus is 
essential Hornicke recommends, in most cases, one third of an ery- 
thema dose, provided that no complications are present. The number of 
irradiations should be so regulated that the total dose for six weeks 
of treatment will not exceed one erythema dose. \Vhen this amount 
has been administered and repeated three times, further treatment 
should be discontinued for several months. The optimal dose varies 
in individual cases. It is, therefore, advisable to begin with small doses 
and gradually to increase the amount of irradiation according to the 
patient’s requirements and tolerance. If abscesses or fistulas are pres- 
ent, the dosage must be smaller and more carefully regulated. Over- 
treatment may lead to rupture of the hyperemic skin over the abscess 
with the formation of an ulcer, or the sinuses may close with con- 
sequent retention of the pus. As in the treatment of tuberculosis wth 
heliotherapy and actinotherapy, roentgenotherapy must be combined 
with intensive general treatment. 

Operative Treatment. — Excision of the tuberculous focus is rarely 
feasible, even though the diseased area is small, unless it is possible to 
cici?e an entire bone, as, for example, excision of the astragalus in tu- 
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berculosis of the ankle joint. Resection of the joint for the purpose of 
eradication of the disease process is obsolete In both children and 
adults, but it is especially contraindicated in children, not only on ac- 
count of affecting growth by injury or removal of the epiphyses, but 
because the process is very rarely arrested. In adults, excision may be 
indicated in elbow, but seldom, if ever, in other joints. Unless some 
definite advantage is to be gained, indiscriminate operations may have 
a deleterious effect. Definite sequestra when demonstrated by the roent- 
genogram may at times be removed with beneficial results, and sinuses 
may be excised or properly drained. 

Tuberculous abscesses should be treated conservatively unless rup- 
ture is inevitable or life is endangcrcrl by mechanical pressure on 
vital organs. The treatment consists of aspiration of the abscess when 
fluctuation is present, after which continuous compression is made by 
bandages. ^Vhen secondary infection by pyogenic organisms is a com- 
plication, as evidenced by constitutional symptoms of high temperature 
and other indications of sepsis, incision and drainage should be carried 
out along the same principles as in the treatment of pyogenic abscesses. 
The injection of various antiseptics into the abscess is employed rou- 
tinely by many surgeons but is of doubtful efficacy. Sinuses may be 
defined by injection of opaque substances, such as bismuth, after which 
excision or drainage may be instituted. 

The purposes of surgical arthrodesis arc practically the same as 
those of nonoperative measures— to enforce rest with fixation and to 
prevent deformity until nature encapsulates the pathologic process. 
By means of bony fusion a better fixation is secured and it has been 
proved by clinical experience that the arrest of the process is more 
apt to be permanent when osseous ankylosis results from any form 
of treatment. However, emphasis cannot be too strongly made that 
conservative treatment, as mechanical fixation and all measures tend- 
ing to elevate the stamina and the natural resistance of the patient, 
must be constantly and rigidly employed, both in adults and children, 
and that fusion is only a valuable adjunct and must not be viewed in 
the light of a curative agent. The chances of a permanent recovery 
are much greater when such measures as heliotherapy, proper diet, 
fixation by orthopedic apparatus and operative measures are combined 
judiciously. 

The indications for fusum operations vary in different joints, but 
at the present tune arthrodrais is advised for tuberculous jints in all 
patients above the age of fourteen years, ,vith the exception of the 
elbow m which satisfactory resulte may be obtained by excision. I" 
young children between the ages of three and five, when tuberculous 
arthritis is most prevalent, the induction of intraUTticuIarfusion is 
difficult. Time is also of less economic imnortanre in (b« etlnfl than 
,0 the adult and longer periods may be SwTconservafiVe 
ures. The induction of osseous fusion is influenced hv nf the 

existing pathologic process. The early stagrbefee*’Ce f fxmnsWo 
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destruction or osteoporosis, and the late residual stage after the osse- 
ous structure has returned to normal density, are the most favorable 
periods to induce fusion. In the stage of active osseous destruction, 
with acute symptoms, often complicated by abscess, the likelihood of 
inducing bony union is less, and there is also the possibility of convert- 
ing a closed tuberculous process into an open one with secondary in- 
fection. Fusion in the presence of an active pyogenic secondary infec- 
tion should be undertaken with great caution. The probability of 
relighting a virulent active process, even though it is apparently 
arrested, is much greater in those in whom such secondary infection 
has occurred. The operation may be employed also in conjunction with 
extra-articular osteotomy for the purpose of correcting deformity when 
present. 

Prognosis. — ^The time required to effect a cure naturally differs 
according to the severity and locality of the affection. Broadly speak- 
ing, it can be stated that tuberculosis is arrested in children more 
quickly than in adults, and that affections of the small joints are more 
rapidly and easily healed than those of the large joints. Excellent 
results are sometimes obtained in six months, but, as a rule, two years 
or more are required. 

The prognosis for recovery with a practical degree of function pre- 
served is unfavorable, and is possible theoretically only in those in 
whom the process is arrested and encapsulated before the joint is 
involved. With conservative as well as with operative treatment, ob- 
servation is required for a period of at least three years. The only defi- 
nite promise to be made as to the efficiency of local treatment is that 
deformity can be prevented or restricted to a minimum degree, and 
that the process will probably be arrested In those receiving no treat- 
ment, or inefficient treatment, the course is more prolonged and indefi- 
nite, resulting in deformity and permanent disability. The results can 
best be expressed as arrested instead of cured, since dormant or latent 
foci may remain indefinitely, regardless of the treatment employed. 

Uncontaminated tuberculosis is rarely fatal unless there is invasion 
of a vital center, as the cerebrospinal sj’stem. Death is more frequently 
due to secondary infection or other complications. The prognosis for 
life is better in children than in adults. The mortality is greater in 
involvement of the spine and hip joint, and less in the upper than in 
the lower extremities. ^\Tien abscesses are uncomplicated by second- 
ary pyogenic infection, the prognosis is very slightly affected. With 
secondary pyogenic infection, the process is much more prolonged 
and the prospect of recovery materially reduced. Amyloid degeneration 
as a result of continued sepsis is usually fatal. Pulmonary tuberculosis 
when associated, lessens the chances of recovery, but runs a milder 
course than when tuberculosis of the lungs occurs independently 
Tuberculous meningitis is an infrequent but fatal complication 
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In adults, early operative measures for the purpose of fusing or 
immobilizing internally the affected joint will often arrest the local 
process. In children, there exists at present a difference of opinion as 
to the advisability of fusion; the preliminary reports arc most encour- 
aging, but sufficient lime has not elapsed for definite conclusions to be 
reached. The scientific application of the sun’s rays or artificial light 
should always be employed. Undoubtedly, fresh air alone has a bene- 
ficial effect, but the relative improvement is much greater in those 
treated by heliotherapy than in those treated by fresh air without 
removal of the clothing. The results arc also more lasting with less 
danger of recurrence than with any other method. 
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PHYSICAL THERAPY IN THE TREATMENT OF FRACTURES 
Philip D. Wilson, M.D. 


Introduction 


The place of physical therapy in fracture treatment has been a 
matter of controversy, and different opinions have been expressed. 
Some experienced surgeons consider physical treatment unnecessary 
or even harmful, holding that only active, voluntary effort on the part 
of the patient actually counts in restoring function. Others regard 
physical therapy as a luxury, and doubt that the possible benefits 
justify the expense, especially in patients of moderate means. Still 
others consider physical therapy dangerous from the psychologic stand- 
point, in that it places undue emphasis upon the treatment of short 
duration administered by the technician and tends to minimize in the 
patient’s estimation the value of his own efforts, usually just at the 
time when active cooperation is most necessary in obtaining a good 
result. 

On the other hand, physicians who are experienced in the art of 
physical therapy consider it absolutely indispensable in the treatment 
of fractures. They point to the harmful effects of treatment by im- 
mobilization alone as evidenced by the many patients with impaired 


function who drift into their hands many months after injury, having 
been treated by every method except physical therapy. They criticize 
the neglect of many physicians to consider the physiologic require- 
ments of the muscles, the joints and the circulation, and for believing 
that the only indications for the treatment of fractures are complete 
reduction and prolonged fixation. They feel that a considerable propor- 
tion of fractures can be treated by physical therapy alone and with 
vastly better results than frequently are obtained by physicians who 
place their reliance entirely upon retentive apparatus. 

In between these extreme views may be found all shades of opinion 
in respect to the value of physical therapy in fracture treatment. For 
the most part, however, the rank and file of the medical profession are 
unable to form an opinion and admit a complete lack of knowledge 
In the minds of most of these the term physical therapy evokes the 
picture of an establishment fitted up wlh a large assortment of com- 
plicated electrical machines, variously colored lamps and hvdrothera. 
pcutic apparatus. They feel v-aguely that all of this machinery may 
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have some therapeutic value, but mistrust it for their patients on the 
grounds of expense, inability to direct the treatment, and the belief 
that after all it is not necessary. They are unable to dissociate the 
ideas of physical therapy, clcctridty and machinery. For the most 
part, they do not employ physical therapy for the treatment of frac- 
tures except when, usually as the result of some fault of treatment, 
a patient has obtained an unsatisfactory result, and nothing else in the 
way of treatment remains to be tried. 

The student who is seeking the truth about the value of physical 
therapy in fractures will quickly dismiss many criticisms that obviously 
proceed from ignorance. On the other hand, he will not be able to 
dispose in this summary fashion of the widolv divergent opinions that 
have been expressed by experienced and reputable surgeons and phys- 
ical therapists. If he delves more deeply into the subject, however, he 
will find that it is possible to reconcile even these differences and that 
the opponents are in reality proceeding from different premises and 
arguing about different things. The phj'slcnl therapist shares with the 
surgeon his high estimate of the value of active voluntary effort in 
regaining function at a certain stage of fracture treatment, but he 
also knows that if he waits until the lime when active motion can be 
performed, to employ physical therapy, he ivill have missed the golden 
patient. The surgeon is sceptical of the value of 
Itecause he has never used it until after con- 
and the physical therapist 
hi accomplish little at this time 

hill Wmlin w ““P* ‘'‘tah the patient how to 

nof comnetltive Whe/th™^' "'^thods are complementary, 

mobiliaadon of'the fresh^frSrhe'^r‘’''V'‘'''T‘'l-Tt“’®“ 
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•'J'vivni irom tne deep massage and vigorous 

, ^ The surgeon labors under the 

•^cuns turning over for treat- 
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should learn to apply c — -...P} method, that the surgeon 

be stored in his armar , ' . it should 
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properly. No physician who treats fractures can really say with truth 
that he does not employ physical therapy. The prescription of heat 
at one or another time in one form or another is practically universal; 
so also with home massage and exercise. By so much, the physician 
admits that he believes in physical therapy. All that remains neces- 
sary to enlarge his vision of its sphere of usefulness is to inform him 
more specifically of the action of its various agencies, and to relate 
these effects to the pathologic and reparative changes of fractures, in 
so far as possible. 

While much of the confusion that hinders a just evaluation of 
physical therapy may be traced to the lack of knowledge of the 
physician who treats the fracture, not a little arises from lack of 
knowledge of fractures on the part of the physical therapeutist. Many 
exaggerated claims have been made of the benefits to be derived from 
the use of various physical therapeutic agencies in the treatment of 
fractures, which cannot possibly be substantiated. Some are the result 
of enthusiasm, others requite a less charitable explanation; all bring 
harm to the cause of physical therapy. Many agencies are used whose 
effects are uncertain, or in respect to the action of which experimental 
evidence is lacking. The physician who Is conversant with the prob- 
lems of fracture treatment and is trying to steer his patient through 
the shoals and troubled waters of complications to the haven of a 
speedy convalescence cannot be blamed for refusing to ask the assist- 
ance of a pilot who insists upon sailing only in uncharted channels. 

The first principle of fracture treatment is reduction of the bony 
deformity, and after that comes treatment to secure healing of the 
fracture and to restore function. Of the various physical measures that 
are employed in treatment, by far the most important are two that are 
mutually antagonistic — rest and movement. Rest or immobilization is 
necessary to maintain reduction of the fracture and allow healing of the 
bones, while equally necessary from the standpoint of the muscles, 
joints, blood vessels and nerves is movement or mobilization to main- 


tain and restore .function. Indeed in the balancing of these two antago- 
nistic principles lies the essence of fracture treatment, and it is because 
the requirements are of a conflicting nature that difficulty arises. 
Between the moment when the first cautious attempts at movement 
are begun, in a recently reduced fracture, and the later period when 
healing of the bones has been obtained and vigorous exercises can be 
prescribed lies an interval, often of many weeks, during which every 
detail of treatment must be managed with skill, and when any ill- 
considered step may bring disaster. It is not possible during this period 
to turn the patient over to a technician for physical therapy without 
endangering the result, and it is unwise to do it later unless the 
physician supervises the treatment in the closest manner. In the treat- 
ment of fractures it is impossible to separate the physician and the 
physical therapist He will be the best physician who is instructed in 
the art of physical therapy, and the best physical therapist will be he 
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who combines this knowledge with that of the physician. Indeed, if 
physical therapy is to accomplish anything in the treatment ot^ frac- 
tures, it will be because the physician is sufficiently impressed wtn its 
value to administer it personally in the first few days after inju^, 
and to instruct and demonstrate to his assistants the methods he rnsnes 
to have followed in the later stages, ^ 

Physical therapy includes a number of agencies or modalities, each 
of which is capable of producing a definite physiologic reaction m the 
human body. In order to employ these successfully in the treatment 
of fractures, the physician must know what these agencies are, what 
they accomplish and when they can be used with benefit. He must be 
able to prescribe them in the same manner as he docs drugs. WTien a 
physician prescribes medicines, he not only writes his presenphon 
carefully, but he takes pains to refer the patient to a reputable 
pharmacy to have it filled. He instructs the patient how frequwtiy 
and in what amount he is to take the medicine, and he arranges to nave 
him report at regular periods in order to be able to watch his reaction 
and to modify the dosage if the reaction is unfavorable, or to stop tne 
treatment altogether if it proves to be of no benefit. The same course 
should be followed when prescribing physical therapy; the treatment 
should be outlined in detail, and the directions followed minutely. 
When in doubt, consultation between the physician and physical thera- 
pist will prove of great benefit. To send the patient to a physical 
therapist with instructions merely to treat him, as Is frequently done 
at present, is in principle almost as ridiculous as to refer a patient to a 
pharmacist with instructions to prescribe what medicines he needs. 

It will be the purpose of the author in this article to point out the 
opportunities for physical therapy in the treatment of fractures, to 
show how fracture pathology may be modified by the physiologic re- 
action to the agencies that arc employed, to stress the importance of 
early lunctional activity and to detnonslrale how this may be obtained. 
Chief emphasis trill be laid upon the various forms of massage and 
mobilization with the view to confining the discussion to those agencies 
of which we have the most knowledge. Of the various methods of elec- 
trical stimulation and treatment there will be but little mention, as too 
little experience has yet been acquired to make it possible to formulate 
directions for their use or to permit definite conclusions to be drawn 
as to their value. 

Historicai. 

Just Lucas-Champlonni^re was the pioneer of physical therapy iu 
the treatment of fractures. A surgeon, practicing in the hospitals of 
Paris, he became dissatisfied with the results obtained by the routine 
methods for treating bony injuries. The central principle around which 
these methods revolved was immobilization, and the more perfect the 
immobilization, the better was the treatment. Lucas-Championniere, 
however, observed that the patients who had been treated by these 
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methods kept coming back to the clinics for months and years, com- 
plaining of swollen limbs, stiff joints, pmn and disability, even though 
their fractures had healed. He recognized that much of this was the 
result of prolonged fixation and the policy of treating the fracture as 
if the bone were the only constituent of the part, and the muscles, 
joints, vessels and nerves nonexistent. 

He began experimenting wth massage and movement in the treat- 
ment of recent fractures, commencing wth minor bony injuries, such 
as those involving the shaft of the fibula, and then gradually, as he 
perfected the technic and gained confidence in the method, extend- 
ing it to fractures involving more important bones as well. He found 
that uith gentle stroking massage he could relieve pain even in the 
fresh fracture and secure muscular relaxation; with care, the joints 
adjacent to the fracture could then be moved passively through a wide 
arc of motion without causing pain. With regular repetition of these 
treatments, the part being splinted during the intervening periods, 
the patients recovered from their fractures more quickly and more 
completely than others whose fractures had been completely im- 
mobilized. When he extended the scope of the method to include 
more difficult fractures, such as those involving the lower end of the 
radius and the upper end of the humerus, the results proved equally 
impressive. It became quite obvious to him that early movement of the 
muscles and joints in the vicinity of a fracture maintained their supple- 
ness, on the one hand, and, on the other, favored the circulation and 
nutrition of the member. He became convinced of the importance of 
early massage and mobilization in the treatment of fractures. 

Lucas-Championni^re ‘ published, in 1889, a small pamphlet entitled 
“Le Massage et la Mobilization dans le traitement des Fractures,*’ 
in which he summarized his e.xperiences and observations and described 
the methods that he employed and their rationale. He considered 


mobilization the most important factor of this treatment. Referring 
to a limb, he said “movement is life ” He believed that massage was 
merely a means to an end, that end being movement. He employed only 
the gentlest type of superficial massage, and the treatment was ad- 
ministered either by himself personally or by a medical student whom 
he had trained. Avoidance of pain was deemed essential. The massage 
brought about relief of pain and relaxation of muscle spasm. Its effects 
could not be explained upon mechanical grounds, as the massage was 
too light and superficial in character, and he advanced the theory that 
it acted reflexly through the nerves and that it brought about an 
exhaustion of the sensory endings. The massage was administered for 
from ten to twenty minutes, and, when muscular relaxation had been 
obtained, then mobilization of the neighboring joints was in order The 
movements were performed passively, not actively, but onlv when 
the muscles were completely relaxed. The treatments were of short 
duration and were repeated daily or on alternate days. 

The results obtained by Lucas-Championniere were remarkable, par- 
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ticularly in contrast with those obtained by the preexisting treatment. 
In judging these results, however, it is well to remember that this 
was prior to the discovery and clinical application of the roentgen 
ray, and that the diagnosis of fracture was often faulty, and the con- 
trol of reduction negligible. Bony deformity of greater or lesser degree 
was the rule rather than the exception after treatment. Lucas-Cham- 
pionniere’s treatment probably did not lessen the bony deformity, but 
it did at least restore function, and in this respect it was far and away 
ahead of the usual immobilizing treatment. At the same time there 
has been a great misconception of his real attitude. While radical, be 
never took an extreme stand, or claimed that his treatment could be 
applied without modification to every fracture or that all splinting 
should henceforth be discarded. He did not discard all that he had 
learned in Ws surgical training, but on the contrary continued to 
use splints in loose and displaced fractures and to advocate operative 
repair in fractures, such as those of the patella, where that method 
obtained the best results. Only instead of making the fixation con- 
tinuous, as was the general practice, he removed the splints at regular 
intervals for massage and mobilization. Above all, it must be remem- 
bered that he kept the treatment entirely in his omi skilled surgical 
hands or in the hands of the medical students whom he himself had 
trained. He had no use for massapj as ordinarily practiced, which he 
considered far too vigorous and painful, nor did he think it possible 
tTfL a trained technician to employ his methods satisfactorily. 
What he advocated was the early use of physical therapy— i.e., mas- 
sage and mobilization-— by the physician in charge of the patient, in 
conjunction wth whatever other methods were indicated for the 
reduction and healing of the fracture. 

While holding up a warning hand against the treatment of fractures 
by prolonged immobilization, he at the same lime sounded a warning 
injudicious and uninstructed use of his methods, which 
should be read carefully by any one who is tempted to be led away 
by enthusiasm for any particular method of treatment. Said he, “B 
employ this revolutionary treatment, for the public 
to accept it, and the medical world is even less 
amf ^ therefore, to act prudently, 

checks tn nnnlv ^ expose yourself to 

Result thSreFmm such a manner that the good which may 

result therefrom wll be evident to all.” 

of fractuS^Thf ^ turning point in the treatment 

resforation began to be 
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of London learned Lucas-Championniere’s methods at first hand and 
has continued to employ them and to advocate them with the con- 
viction born of a long and rich experience. His works on massage 
and the treatment of fractures are valuable contributions deserving the 
most careful study. I gratefully acknowledge my own indebtedness to 
them in the preparation of this article. 

Other factors also have contributed their share toward placing 
emphasis upon functional recovery after fractures. The Industrial 
Compensation Laws have played a considerable part by bringing pres- 
sure to bear on reducing the disability period for various injuries. The 
Great War contributed a great deal to the improvement of methods 
for the treatment of fractures, more notably by the introduction of 
various types of open splints and the greater utilization of traction 
methods, particularly direct skeletal traction. It also aided the develop- 
ment of physical therapy, the accomplishments of which were seen and 
appreciated. Since the war the multiplication of the automobile and 
the increasing mechanization of industry have caused a formidable 
increase in the number of injuries. This has led to an intensified study 
of the means of reducing functional impairment after fractures and of 
securing maximum physical rehabilitation of the injured. Physicians 
are turning their attention to physical therapy in the hope of better- 
ing their results with help from this source. There are great oppor- 
tunities for the development of this art, provided that each step is 
made with caution and based upon a solid foundation. 

Functional Restoration, the Goal of Fracture Treatment 

The goal of all fracture treatment is the complete restoration of 
function in the injured part in the shortest possible time. When the 
injury is of a nature to cause irreparable damage, then the aim must 
be to minimize the functional loss, and particularly to try to avoid 
disabilities of a type to prevent return to the previous major occupa- 
tion or activity. A perfect result implies that the injured part is as 
good as before injury, and that this has been attained without unneces- 
sary loss of time. 

The chief purpose of the skeleton Is to provide a rigid framework for 
the soft parts and, together with the joints, to provide a mechanism 
which may be actuated by the neuromuscular apparatus. Interruption 
of the skeletal rigidity by a fracture leads to immediate loss of func- 
tion, and function cannot be regained until rigidity has been restored 
by healing of the fracture. Restoration of skeletal rigidity is not alone 
sufficient, but there must also be restoration of the skeletal form* in 
other words, the normal alignment of the bone must be preserved 
This is necessary, not only for esthetic reasons, but in order to mam- 
lain the normal anatomic relationship or architectural pattern with- 
out which the parts function imperfectly. The restoration of n'riditv 
and normal form of the skeleton, however, is by no means all in the 
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ticularly in contrast with those obtained by the prcl^xisting treatment. 
In judging these results, however, it is well to remember that this 
was prior to the discovery and clinical application of the roentgen 
ray, and that the diagnosis of fracture was often faulty, and the con- 
trol of reduction negligible. Bony deformity of greater or lesser degree 
was the rule rather than the exception after treatment. Lucas-Cham- 
pionniere’s treatment probably did not lessen the bony deformity, but 
it did at least restore function, and in Ibis respect it was far pd away 
ahead of the usual immobilizing treatment. At the same time there 
has been a great misconception of his real attitude. While radical, he 
never took an extreme stand, or claimed that his treatment could be 
applied without modification to every fracture or that all splinting 
should henceforth be discarded. He did not discard all that he had 
learned in his surgical training, but on the contrary continued to 
use splints in loose and displaced fractures and to advocate operative 
repair in fractures, such as those of the patella, where tliat method 
obtained the best results. Only instead of making the fixation con- 
tinuous, as was the general practice, he removed the splints at regular 
intervals for massage and mobilization. Above all, it must be remp* 
bered that he kept the treatment entirely in his own skilled ^ 
hands or in the hands of the medical students whom he himself had 
trained. He had no use for massage as ordinarily practiced, which he 
considered far too vigorous and painful, nor did he think it possible 
for even a trained technician to employ his methods satisfactorily. 
What he advopted \vas the early use of physical therapy--“i-e.j mas- 
sage and mobilization— -by the physician in charge of the patient, m 
conjunction with whatever other methods were indicated for the 
reduction and healing of the fracture. 

While holding up a warning hand against the treatment of fractures 
by prolonged immobiliption, he at the same time sounded a warning 
note against the injudicious and uninstructed use of his methods, which 
should be read carefully by any one who is tempted to be led away 
by enthusiasm for any particular method of treatment. Said he, “It is 
a serious matter to employ this revolutionary treatment, for the public 
is but little prepared to accept it, and the medical world is even less 
prepared than the public. I advise you, therefore, to act prudently, 
and to advance only by sure steps in order not to expose yourself to 
checks, to apply the method m such a manner that the sood which may 


the treatment 

1 began to he 

recognized and mth this the necessity of treating all of the structures 
affected by the injury rather than the broken bone alone. Owing to the 
general misconception of wtat hts attitude actually was, only a few 
physictans took up and applied his methods In their entirrty dthough 
few who devote much time to fracture treatment have faded to be 
affected m some degree by the changes he set in progress. Mennell =■ * 
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of London learned Lucas-Championniere’s methods at first hand and 
has continued to employ them and to advocate them with the con- 
viction born of a long and rich experience. His works on massage 
and the treatment of fractures are valuable contributions deserving the 
most careful study. I gratefully acknowledge my own indebtedness to 
them in the preparation of this article. 

Other factors also have contributed their share toward placing 
emphasis upon functional recovery after fractures. The Industrial 
Compensation Laws have played a considerable part by bringing pres- 
sure to bear on reducing the disability period for various injuries. The 
Great War contributed a great deal to the improvement of methods 
for the treatment of fractures, more notably by the introduction of 
various types of open splints and the greater utilization of traction 
methods, particularly direct skeletal traction. It also aided the develop- 
ment of physical therapy, the accomplishments of which were seen and 
appreciated. Since the war the multiplication of the automobile and 
the increasing mechanization of industry have caused a formidable 
increase in the number of injuries. This has led to an intensified study 
of the means of reducing functional impairment after fractures and of 
securing ma.ximum physical rehabilitation of the injured. Physicians 
are turning their attention to physical therapy in the hope of better- 
ing their results with help from this source. There are great oppor- 
tunities for the development of this art, provided that each step is 
made with caution and based upon a solid foundation. 

Functional Restoration, the Goal of Fracture Treatment 

The goal of all fracture treatment is the complete restoration of 
function in the injured part in the shortest possible time. \Vhen the 
injury is of a nature to cause irreparable damage, then the aim must 
be to minimize the functional loss, and particularly to try to avoid 
disabilities of a type to prevent return to the previous major occupa- 
tion or activity. A perfect result implies that the injured part is as 
good as before injury, and that this has been attained without unneces- 
sary loss of time. 

The chief purpose of the skeleton Is to provide a rigid framework for 
the soft parts and, together with (he joints, to provide a mechanism 
which may be actuated by the neuromuscular apparatus. Interruption 
of the skeletal rigidity by a fracture leads to immediate loss of func- 
tion, and function cannot be regained until rigidity has been restored 
by healing of the fracture. Restoration of skeletal rigidity is not alone 
sufficient, but there must also be restoration of the skeletal form; in 
other words, the normal alignment of the bone must be preserved. 
This is necessary, not only for esthetic reasons, but in order to main- 
tain the normal anatomic relationship or architectural pattern with- 
out which the parts function imperfectly. The restoration of rigidity 
and normal form of the skeleton, however, is by no means all in the 
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ticularly in contrast wilii those obtained by the preexisting treatment. 
In judging those results, however, it is well to remember that this 
was prior to the discovery and clinical application of the roentgen 
ray, and that the diagnosis of fracture was often faulty, and the con- 
trol of reduction negligible. Bony deformity of greater or lesser degree 
was the rule rather than the exception after treatment. Lucas-Cham- 
pionniere’s treatment probably did not lessen the bony deformity, but 
it did at least restore function, and in this respect it was far and away 
ahead of the usual immobilixing treatment. At the same time there 
has been a great misconception of his real attitude. \VhiIc radical, he 
never took an extreme stand, or claimed that his treatment could be 
applied without modification to every fracture or that all splinting 
should henceforth be discarded. He did not discard all that he had 
learned in his surgical training, but on the contrary continued to 
use splints in loose and displaced fractures and to advocate operative 
repair in fractures, such as those of the patella, where that method 
obtained the best results. Only instead of making the fixation con- 
tinuous, as was the general practice, he removed the splints at regular 
intervals for massage and mobilization. Above all, it must be remem- 
bered that he kept the treatment entirely in his o^vn skilled surgiMl 
hands or in the hands of the medical students whom he himself hid 
trained. He had no use for massage as ordinarily practiced, which he 
considered far too vigorous and painful, nor did he think it possible 
for even a trained technician to employ his methods satisfactorily. 
What he advocated was the early use of physical therapy — i.e.> 
sage and mobiUzatvon — by the physician in charge of the patient, m 
conjunction wth whatever other methods were indicated for the 
reduction and healing of the fracture 
While holding up a warning hand against the treatment of fractures 
by prolonged immobilization, he at the same time sounded a warning 
note against the in judiaous and uiunslructed use of his methods, which 
should be read carefully by any one who is tempted to be led away 
by enthusiasm for any particular method of treatment. Said he, "It is 
a serious matter to employ this revolutionary treatment for the public 
is but httle prepared to ac«pt u. and the medical worid is even less 
prepared than the public. I advise you, therefore, to act prudently, 
and to advance only by sure steps in order not to expose yourself to 
checks, to apply the method m such a manner that the good which may 
result therefrom will be evident to all ” ^ 

Lucas-Championmere’s work proved a turning point in the treatment 
of fractures. The importance of functional restoration began to be 
recognued and with this the necessity of treating all of the structures 
affected by the injupr rather than the broken bone alone Onfog to the 
general misconception of what tas attitude actually was otIv a few 
physicians took up and applied tas methods in their entiretrSttough 

few who devote much time to fracture treatment have dW to be 
affected in some degree by the changes he set in progress Mraneil '■ ’ 
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veins is stopped by the pressure of exudate, and there is a further 
accumulation of serum and lymph over a large area. Many of the 
phenomena are of reflex oripn, as, for example, the edema from 
vasomotor paralysis and the muscle spasm with pain and limitation 
of joint movement. Blood clot forms about and between the ends of the 
bones and infiltrates all the adjacent soft parts, extending into the 
muscles and upward and downward along the fascial planes. Un- 
clotted blood and serum gradually work their way to the surface, 
accounting for the extensive ecchymosis that is always seen in the 
region of a fracture. The formation of skin blebs is due to the vaso- 
motor paralysis and the exudation of serum and lymph. 

It needs to be emphasized that this condition of traumatic inflam- 
mation is not followed by repair but actually constitutes the first step 
in that process. Repair begins at the moment of injury. The blood clot 
filling the spaces between the bone ends and e.vtending into and infil- 
trating all of the soft structures is soon invaded by leukocytes, fibro- 
blasts and newly formed capillaries originating from all the different 
types of tissue involved in the injury, and becomes transformed into 
granulation tissue. It is important to note that at this stage there is 
apparently no difference in the character of the granulation tissue found 
between the bone ends and that formed in the soft tissues; they are 
one and continuous. Differentiation occurs later, when calcium salts 
are deposited in the tissue that is destined to become callus and con- 
nective tissue fibrils form in the intercellular spaces of that which is 
to become scar tissue, but even then the callus and scar remain 
firmly bound to each other. The scar formation and fixation of the 
muscles to the callus interfere with the contraction and extension of 
.the various muscles and hinder function. 


The old conception of a specific osteogenic cell, the osteoblast, de- 
rived entirely from other similar osteoblasts contained in the cellular 
space and marrow cavities of the ends of the broken bones has lost 
ground. According to modern views, bone is merely a form of con- 
nectiv’e tissue, and the osteoblast is simply a fibroblast in whose 
vicinity calcium salts have been deposited.® Furthermore, the bone- 
forming function of the osteoblast has been denied. It is claimed that 
the deposition of calcium salts in callus is entirely a physicochemical 
reaction dependent upon local factors, as, for c.xample, a variation of 
the hydrogen-ion concentration in (hat region or a concentration of 
some catalytic agent or enzyme, such as, perhaps, the recentlv 
ered phospholase of Robison.' Evidence to this effect has been pro- 
duced by Murray,' rvho succeeded in obtaining bone formation in 
muscle and fascia by the injection of certain salts of calrii,.., 
phorus. This evidence has been reenfotced hv ib. • ^ 
Huggins,- Mho was able to produce Zefn X softT"“b'" 
transplantation of bladder epithelium. tissues by the 
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treatment ot fractures. Of equal importance tor f>>ncUonaI perform- 
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one structure is not of greater importance than a y 

be considered in treatment. 

THE Soft Parts Accompan\ing Fractures 

It is a common mistake in treating fractures to 
injury to the bone, and to forget or overlook the ^erlble 

injury to the soft parts. To (raeture a bone requires a c i 
amount of force. The violence may act directly m the . „ 

or crush, in which case the first effect of the force is expe 
the soft structures before reaching the bones, or it 
as by bending or twisting a part beyond its normal limits^ oi c* . jj. 
in which instance the giving way of the bone is to 

tion of the overlying soft parts. Also severe strain is often impa 
the ligaments, sometimes at a point quite remote from the ir ■ 
When the violence is severe enough not only to fracture ine 
but to displace the fragments, additional damage is done to in 
parts by the temporary continuance of the force after the resistan 
the bone has been overcome. An extreme example of such violenc 
seen in the case of a compound fracture. Here the overlying 
are completely ruptured, including the skin, and one can readijy P 
praise the extent of the damage to the muscle and other soft tissu • 
In the majority of fractures that are classed as simple, the . 

injury is just as great, though concealed from one’s eyes by th® m 
that the integument remains intact. There is extensive laceration^ 
soft parts, including muscles, blood vessels and fascia. In 
stances, either the main nerve or blood vessels may be torn, or bo 
at the same time, resulting perhaps in paralysis, partial or complete 
ischemia, or gangrene. 


PATHOLOGV AND REPAIR OF A FRACTURE 

The key to the understanding of fracture treatment lies in a knowl- 
edge of the pathology of the lesion and of the changes that occur 
during the process of repair.* When a bone is broken, a condition of 
traumatic inflammation is produced. Hemorrhage occurs from the 
torn vessels of the bone marrow, periosteum and adjacent soft parts. 
The blood vessels dilate as a result of vasomotor paralysis, and lym- 
nhatic drainage is arrested. The swelling due to hemorrhage is further 
bicreased by exudation. The return of venous blood in the unruptured 
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Principles of Fracture Treatment 

The requirements for fracture treatment are complex and difficult 
to fulfill. The ideal treatment could only be attained by a miracle 
which, without the necessity of any surreal intervention, would restore 
the displaced fragments to normal position immediately after the 
injury, would maintain them in perfect alignment without the use of 
splints or other apparatus and so solidly that healing would proceed 
while at the same time full use of the part with motion of the adjacent 
articulations could be permitted. This represents an ideal impossible 
of attainment, but it also gives us a goal at which to aim, and the 
more nearly our treatment can approach it, the better it will be. 

The chief principles of fracture treatment may be stated as follows: 
first, restoration of anatomic form as soon as possible after injury; 
second, maintenance of alignment and fixation of the fracture during 
the period of healing; third, institution of measures to overcome the 
circulatory disturbance and to maintain and develop function, begin- 
ning at the earliest possible moment after injury and continuing until 
complete recovery is obtained. 


Importance of Reduction of the Fracture 

Restoration of a fractured bone to its normal anatomic form is 
essential to good functional recovery. Not only is it true that fractures 
which are properly reduced unite more surely and rapidly than those 
that are allowed to remain in vicious alignment, but the condition of 
the adjacent soft parts is also improved, and there is commonly to 
be noted less swelling and circulatory disturbance. Since the traumatic 
inflammatory process that is initiated by a fracture reaches its peak 
within 48 hours, it is evident that the pathologic changes can be influ- 
enced only when the reduction is performed within a few hours of 
injury. As a matter of fact, reduction becomes increasingly difficult 
with every hour that elapses. The muscles and fascia become infiltrated 
with e.xudate and rapidly lose their extensibility, the tissue spaces be- 
come filled with lymph and fibrin, and blood clot envelops the ends of 
the bones and renders almost impossible the meshing of interlocking 
fragments. The use of more force is necessary to accomplish reduction, 
and this causes fresh hemorrhage and additional trauma to the soft 
parts. When the changes have progressed to the stage of organization 
or beginning callus formation before reposition of the fragments is 
accomplished, then still greater force must be used, and the amount 
of damage done is proportionately increased. Repeated reductions 
necessitated by the failure of previous attempts, are enormously harm- 
ful and result in an extension of the inflammatory changes and an 
increase in the severity of the reaction. To promote functional recoverv 
It is of the highest importance to employ every measure that tends to 
minimize injury of the soft parts and to reduce cicatrization and cir- 
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The calcium salts that are deposited in callus seem 
chiefly from loc.nl sources, from the autolysis ol necrosed J 
ends of the broken fragments. Evidences of rarefaction and a ^ 
tion here arc the signs of normal progress of the healing P^ess^ ror 


practical purposes the amount of calcium salts derived from the blo^ 


stream is relatively small and unimportant. T^c effect of t P 
is to reduce fracture healing to a purely local process, roe su 
which is dependent upon local factors and only slightly auect y 
general physiology of the body or by states of the body. I » 
appears probable, then this view eliminates the Jong hst oi g 
causes that have always been brought forward in acplanatioa , 
and renders superfluous therapeutic procedures dirccteo 


improving calcium metabolism. ....Tafmn- 

Whatever may ultimately be proved to be the fact, the gran 
tissue mass between and about the bone ends gradually become 
verted into osteoid tissue. The intercellular spaces become niJeo 
a homogeneous ground substance, the preosseous tissue, . 
tered here and there are small islands of cartilage. Gradually ca 
salts are deposited in the ground substance and cartn3g^> ano , 
callus becomes hard. Bone tissue has been formed, and the unio 


the iracture is complete. . u. 

The time required for fracture healing is usually from three w Rg 
weeks, depending upon the bone involved and the situation of the ira • 
ture in respect to cancellous or cortical bone. The process is 
in children than in adults, and somewhat slower in old a^. bwu 
formation may be delayed by local conditions which hinder the 
tion of granulation tissue, such as lack of surrounding structures trom 
which it may spring, as in fractures of the neck of the femur and o 
the carpal scaphoid, or interference with proper blood supply or inter- 
position of muscle tissue between the fragments. Operative interference 
at a late period, when the soft callus has to be cleared away in nrde^ 
to secure approximation of the fragments, is also likely to delay heat- 
ing. There is considerable variation, in the local conditions upon which 

" ' ■* ’ ’ ’ • ype in different 

siderable varia- 
that union has 
that it will not 
ir is proceeding 

more slowly than at other times. The amount of callus formed at first 
is excessive, but after the union has become solid, a further process 
of physiologic adaptation lakes place. By revascularization and ab- 
sorption the medullary cavity is finally reestablished, the cortical layers 
demarcated, and the excess callus removed. The process of physiologic 
adaptation of the callus and restoration of bony contour is slow and 
may take as long as one or two years. Physiologic healins cannot he 
considered complete until tlus time has elapsed, even thouch anatomic 
healing has been obtained in a matter of weeks. 
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union. Each fracture must be visualized in terms of its eventual end- 
result, and the course chosen that will give the highest yield in terms 
of function. Impaction is a start already made in the healing of a 
fracture, and it should not be broken up without good cause, especlaliy 
in aged patients. It is often the acme of wisdom to be satisfied with 
an incomplete reduction, as long as the misalignment is slight and not 
of a disabling type, rather than to pursue anatomic perfection at the 
cost of diminished or delayed function. 

Reduction may be accomplished by manipulation, traction or oper- 
ation. With the manipulative method the operator endeavors to replace 
the fragments by leverage, angulation or traction, relying upon manual 
skill supplemented occasionally by the temporary use of some mechan- 
ical appliance, to exert traction. When reduction has been accom- 
plished, splints are applied to maintain the alignment. Obviously the 
method is limited in its application to fractures that are more or less 
transverse and only slightly comminuted and where reposition is likely 
to prove stable when obtained. It is employed particularly in fractures 
of the wrist, forearm, elbow, ankle, lower leg and hip. It is most 
successful when performed within two or three hours of the injury 
and with the aid of fluoroscopic visualization of the fractured bones. 
It requires skill and care to avoid injury of the soft parts from the 
use of too much force. 

The traction method Is used both to obtain reduction and to main- 
tain alignment afterwards. It counteracts the deforming influence of 
muscular contraction and, by pulling the fractured bone out to full 
length and restoring the supporting tension of the soft parts, secures 
correction of the deformity. It should be employed in such a way as to 
obtain reduction immediately, before pathologic changes in the region 
of the fracture have progressed to a stage to render it difficult, instead 
of gradually over a period of several days. A traction force of sufficient 
amount to accomplish reposition should be applied initially, and, after 
reduction has been accomplished, this may be reduced to the lesser 


quantity necessary to maintain alignment. The same principle should 
be applied irrespective of what method of traction is employed or 
w’hether used in combination with traction splints or not. The trac- 
tion method of reduction is used chiefly in fractures of the long bones 
such as the femur, both bones of the lower leg, the forearm and 
humerus. It is indicated in oblique and comminuted fractures involv- 
ing the articulations and those of the phalanges. It is also of great 
assistance in difficult fractures which for one reason or another have 
not been reduced in the early period. Traction is not without dancer 
but it usually accomplishes its purpose with less damage to the soft 
structures than either of the other methods. 

The opcr.iti%-e method of reduction may' be employed primarily in 
certain fractures, such as those of the patella and olecranon where 
approrimat.on cannot be secured in any other way. It may be emploved 
as a matter of preference m other fractures such as those of the sSt 
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entatcry disturbance in the region of the fracture, and for th.s, noth 
is mor^^etiecUve than eartyrcductwn.^ 



deformity, excess cairns “"r;-,;' is situated m iw 

greater fibrous fixation of the may block motion « 

vicinity of, or involves, » "X i"s ™ 

alter articular contour sufficiently to .„„i, its repercussion upon 

also leads to later funetional ‘JXIly causes the adjacen 

the mechanics of the body. ..hin and results in uneven 

ioints to be thrown into abnormal relation P overriding o! the 
Crtng and strain. When healing is f £ser «tent rrfts, 

ends of the fragments, nitofton'oE o* ‘ which almost 

and this aKects not only the bone but also the muscira,^^ 
never regain nornial power. JXtudy^Uhe late results of fr^ 

Medical Association” reported, after a study n nooorapanied good 

tures in 1736 cases, that good ‘“'«‘;°“'XnXnts Fair and cv» 
anatomic results in over ninety per cent of the palm results, 

good functional results so'ncbn'es accompanied p p^rticu- 

but usually only after prolonged ^ leat cripplinS 

lar and special types of deformity that onerative or non* 

been avoided. They slated that no result should be 

operative, which did not promise a good anatomic res 

““'^KorrrM^'the'rXc.fon of fhe fracture at as. early, a 

moment as possible after injury. must >>' f 

ciple of fracture treatment. As is the case are mm' 

there ate also exceptions to this. Some types of deformity 
disabling than others. Angular deformity and Sross dtspla e 
overriding are particularly likely to nsult m f™cbo" j P r,,are is 
Simple lateral displacement without shortening,, proyidea 
sufficient contact of the bone ends to insure union, >5 mucn 
to cause disability. The age of the patient also nmkes a d ne 
aXmote latitude may be permitted iu the case of c>nldr'n 
adults. Below the age of {ourteen the growth process lends to 
errors in bony alignment, and shortening of as much as one m 
case of the femur may be entirely corrected at the end oi u'u / 
Angular deformity is just as pernicious in children as m aan 

^^^iVof^these factors must be taken into consideration when 
rattients Vr-ith fractuTCS Complete anatomic reduction is always Q 
?k1p and no effort should be spared in obtaining this result m 
fractures. On the other hand, H is easily possible to go too far mt^ 
lurPTtion. Each additional effort at reduction causes further . 
tn the tissue and nullifies whatever start has been made in the 
t reoair Fractures that have been subjected to repeated manipulati 
A finnilv to operative reduction are apt to show functional impaw 
nt later and have a decided tendency to go on to delayed or not^' 
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mobilization unduly. The physician feels that he has solved the first 
problem of fracture treatment and does not recognize that the second 
problem, that of securing functional recovery, confronts him im- 
mediately. 

Prolonged immobilization of the fracture is harmful to the soft 
structures involved in the injury and lays the foundations for slow 
recovery or permanent functional disturbances later. It has been 
pointed out by Drinker that the accumulation of lymph in the tissues 
stimulates the grow'th of the connective tissue elements. Wherever 
there is prolonged venous or lymphatic stasis, an overgrowth of con- 
nective tissue results. Immobilization of a fracture promotes venous 
and lymphatic stasis by suppressing muscular contraction, upon which 
the venous and lymphatic circulations depend. Particularly is this true 
when the circulation has already been profoundly disturbed by the 
pathologic changes initiated by the injury itself and by the pressure 
of hemorrhage and exudate upon the uninjured vessels. Not only does 
the fixation of the muscles and joints interfere wth the reestablish- 
ment of the circulation and delay the absorption of the exudative 
products, but it favors the extensive development of scar tissue and 
adherence of the muscles to each other and to the bone. 

In addition, it should be remembered that immobilization causes 
definite functional impairment even in the case of an uninjured, healthy 
extremity. Siegal and Sheboya, as well as other investigators, going as 
far back as r866 (Moll ”), have clearly demonstrated that if the bony 
attachments of a skeletal muscle are left immobilized for several days, 
so as to prevent the changes in length that normally result from 
spontaneous and reflex movement, there occurs a fixation of the 
muscle at the length thus imposed upon it. If taken early, this con- 
tracture can be overcome by active or passive movement, but if left 
untreated for some lime, the damage becomes irreparable. This process, 
called myostatic contracture by Davenport and Ransom, is dependent 
upon intact innervation. It is a condition of permanent shortening in 
resting muscle which is maintained in the entire absence of nerve 
impulses. A muscle affected by this condition cannot e.xtend normally; 
neither can it contract as much as a normal muscle. Microscopically, 
such muscles show blurring of the striation, mottled staining and loss 
of alignment of the myofibrils. The muscle may become permanently 
damaged, depending upon the period of immobilization. The longer 


articulations. Ine joint capsule tends to become thickened and con- 
tracted, losing some of its elasticity. The synovia begins to proliferate 
at the edge of the articular cartilage and to spread over the peripheral 
margin as in pannus formation. When immobilization is discontinued 
and function resumed, the invading tissue begins to recede and the 
joint capsule also gradually regains its flexible characteristics To over 
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of the femur or humerus, the bones of the leg or forearm or difficuU 
fractures involving the articulations, on the grounds that it is likely 
to obtain a more perfect result than any other method. Resort is also 
had to it when previous efforts to secure reduction by other meUiods 
have proved unsuccessful. The operative method is necessitated in 
most compound fractures to get rid of soiled and devitalized tissue and 
prevent infection. Depending upon the situation and type of the frac* 
lure, the operative method may aim only at securing reposition of the 
fragments and rely upon c-xternal fixation with splints to mainlain 
the alignment, or reduction may be combined \sith some form of 
intern^ fixation in the form of catgut, kangaroo tendon, wire, screirs, 
nails, bone plates, bands, etc. Operative reduction should be made 
seeme and no risk taken of secondary displacement which might in- 
validate entire benefit of the operation. Operative reduction causes 
to the soft tissues from the incision and exposure 
u damage is often less in amount than that 

whidi would be caused by closed reduction. It is counterbalanced by 
accomplished and the greater security that re* 
suits, particularly when internal fixation is used. Operative reduction 
StTnMv infection, and ought to be under* 

nnrf wtift hny ^ who have had special training for this work 

™nt command all the lacililies in the way of equ p- 

Mod '’="'c ''cen shown to be necessary (or 

not to ‘i emphasized that operative rcduc- 

all other method ® matter of last resort and deferred until 

and fhe rTsulu wmT '™d. This generally leads to great delay, 
teen 0^(0^ ellr'' “n? beneficial than if the operation had 
^ DoSwe wtat determine as quieHy 

sneSs and sL,.H o ‘‘ 3 ' fRetz ‘he greatest chance of 

z-* iwcessuates operation or not. 

Matoienance op Aeicnsiekt op a FBACmRE 

unteSTu»lmemeX“apptj^^^^^ ^ .'““3 

ment afterward. This necessitate, tn to maintain the ahS? 

the form of plaster-of-parij cashfol'’' external fixation either w 
and types with or without traction* different tuole™ 

ture represents a real disaster and ® reduced fra 

are fixed, the less will be the dannoT t"'”? completely the fragments 
of callus takes time, and if “ ™‘shap. The formation 

minute until consolidation is obtaPn^.u' *?^tion is relaxed for a 
may be lost. Furthermore, movenS' “’>*"“001 of the fraoWre 
healing. Consequently when a ftacturl. u ' T® ^tagments may retard 
and the alignment has been proved m u. r™ deduced and splinted, 
tion roentgenograms, there is a i>r..i f^ti|factory by the postreduc- 
SCUM tendency to prolong the im- 
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stimulated, a fracture of the bones of the lower leg or of the 

shaft of the femur fails to unite withm the usual time, a procedure 
frequently adopted is to apply a weight-bearing brace and encourage 
use, and bony union often results. All of these splints and braces per- 
mit a limited amount of movement at the site of fracture, and it is 
easy to start from this point and argue that movement stimulates 
fracture healing. 

On the other hand, there are facts that point to the conclusion that 
when the approximation of a fracture is perfect and the fbcation rigid 
and as complete as possible, then union is much accelerated. In the 
usual fracture the conditions are so favorable for callus formation 
that healing may occur even in spite of a little movement. In fractures 
of certain bones, however, such as the carpal scaphoid or the neck of 
the femur, the local conditions are unfavorable, in that callus forma- 
tion must proceed from intrinsic sources entirely without help from 
the adjacent soft structures, and the blood supply to one of the frag- 
ments is scanty and frequently entirely lacking. Here failure of union 
is the common result of failure to immobilize, and all authorities 
agree that the more complete the immobilization, the greater the 
chance of obtaining union. Turning to fractures in other regions, it 
is not difficult to find many examples of nonunion where the responsi- 
bility can be traced directly to the door of repeated manipulations or 
of too much movement. While fractures of the long bones in both ani- 
mals and men may heal \vithout immobilization, it is to be noted that 
this is accompanied by bony deformity with overriding of the frag- 
ments. When displacement of a fracture is allowed to proceed without 
interference, the shortening finally reaches a maximum, and the frag- 
ments arrive at a point of relative stabilization. In this position, but 
not without it, is healing likely to take place. Such a result is not 
likely to be accepted >villingly by the average patient, and to obtain 
healing without deformity, the wise physician A\ill always employ im- 
mobilization. Similarly the explanation of the benefits that result 
from the use of weight-bearing splints or braces in fractures of the 
lower extremity is to be found in the improvement of the circulation 
and the overcoming of bone atrophy, which counterbalance and out- 
weigh the harmful effects of such slight movement as cannot be pre- 
vented at the site of fracture. 


One must conclude, from a review of all the evidence, that rigid 
immobilization of the fracture with good approximation accelerates 
bony union, but that, on the other hand, callus will usually form 
even in spite of a little motion of the fracture. With the microscopic 
picture of bone repair before one’s eyes, it is easy to understand that 
movement of the fragments, while the callus is soft and in a formative 
stage, is hkcly to result in rupture of many of the small vessels and 
lead to an increase of the connective tissue elements which mav be 
harmful later to union. If any motion is to be permitted during the 
heal.ng of o fracture, .t must be reduced to the very minimum ® 
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come and counteract these changes, a considerable amount of time b 
required; during this period, use of the part is 
is likely to be delayed unless the patient exhibits considerable ■ 
These are only a few of the more definite effects 
upon the muscles and joints, and other examples of harmlul r 
pertaining to the circulation and disuse atrophy of muscles 
might also be given if it were necessary to make the picture 
Enough has been written, however, to show the importance oi a 
ing complete immobilization of a fracture, whenever possible, a 
reducing the period of fixation to the shortest possible time w e 


other method can be used. ^ u’ ^ ( ’mmo- 

One other question arises in connection wth the 
bilization, namely, whether it is necessary in order to obtain nea s 
of the bone. In the animal world there arc found many examp e 
fractures that have healed without immobilization. Indeed, 
wild animals scarcely any other outcome after bony injury is , 
save death. An animal that has fractured one leg keeps going on 
remaining three kgs until such time as the injured part hiw , 
sufSciently to permit of some use. Necessarily, gross deformity 
from such treatment, or lack of treatment, but this docs not 
callus formation, as is shoivn by the observation of many game miJ't 
and other students of animal life, nor, according to report, 
seem to interfere very seriously wlh the function of the part, in 
situation with regard to the human animal is, of course, much mo 
complex, but unfortunately examples are not lacking to ^5 
unrecognized and untreated fractures may go on to union with oe* 
formity. Lucas-Championnifere “ called attention to the fact that cajp” 
formation almost never failed in the repair of fractures of the rios, 
and yet that these bones were never completely immobilized. He 
pointed out that healing regularly occurred in fractures of the femoral 
shaft, which, in his lime, were treated only by extension withom 
adequate fixation and where the fragments were necessarily movea 
at frequent intervals with the change of position of the patient m 
bed. Lucas-Championniere considered that a certain amount of motion 
was not inimical to callus formation, and went so far as to state that 
from his experience a certain amount of motion in fractures seemed to 
accelerate the formation of callus. Many surgeons now hold the 
that complete immobilization is not necessary to fracture healing. ^ ^ 
matter of fact, it is rarely, if ever, complete, as practically all splij^® 
permit at least a slight amount of motion at the site of fracture, 
eliminate all motion it would be necessary to apply the splints so 
tightly that there would be danger of pressure necrosis. In the modern 
functional treatment of fractures, early use of the injured part, pro* 
tected by splints, is strongly advocated. In the case of certain fractures 
of the lower extremity, some surgeons employ weight-bearing 
at a period when the healing of the fracture is but little advanced, oji 
the grounds that functional recovery is hastened and bony union is 
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stimulated. WTien a fracture of the bones of the lower leg or of the 
shaft of the femur fails to unite within the usual time, a procedure 
frequently adopted is to apply a weight-bearing brace and encourage 
use, and bony union often results. All of these splints and braces per- 
mit a limited amount of movement at the site of fracture, and it is 
easy to start from this point and argue that, movement stimulates 
fracture healing. 

On the other hand, there are facts that point to the conclusion that 
when the approximation of a fracture is perfect and the fixation rigid 
and as complete as possible, then union is much accelerated. In the 
usual fracture the conditions are so favorable for callus formation 
that healing may occur even in spite of a little movement. In fractures 
of certain bones, however, such as the carpal scaphoid or the neck of 
the femur, the local conditions are unfavorable, in that callus forma- 
tion must proceed from intrinsic sources entirely without help from 
the adjacent soft structures, and the blood supply to one of the frag- 
ments Is scanty and frequently entirely lacking. Here failure of union 
is the common result of failure to Immobilize, and all authorities 
agree that the more complete the immobilization, the greater the 
chance of obtaining union. Turning to fractures in other regions, it 
is not difficult to find many examples of nonunion where the responsi- 
bility can be traced directly to the door of repeated manipulations or 
of too much movement. While fractures of the long bones in both ani- 
mals and men may heal \vithout immobilization, it is to be noted that 
this is accompanied by bony deformity with overriding of the frag- 
ments. When displacement of a fracture is allowed to proceed without 
interference, the shortening finally reaches a maximum, and the frag- 
ments arrive at a point of relative stabilization. In this position, but 
not without it, is healing likely to take place. Such a result is not 
likely to be accepted willingly by the average patient, and to obtain 
healing without deformity, the wise physician ^vill ahvays employ im- 
mobilization. Similarly the explanation of the benefits that result 
from the use of weight-bearing splints or braces in fractures of the 
lower extremity is to be found in the improvement of the circulation 
and the overcoming of bone atrophy, which counterbalance and out- 
weigh the harmful effects of such slight movement as cannot be pre- 
vented at the site of fracture. 


One must conclude, from a review of all the evidence, that rigid 
immobilization of the fracture with good approjumation accelerates 
bony union, but that, on the other hand, callus will usually form 
even in spite of a little motion of the fracture. With the microsconic 
picture of bone repair before one’s eyes, it is easy to understand that 
movement of the fragments, while the callus is solt and in a formative 
stage IS likely to result in rupture of many of the small vessels and 

^mluiratert'oTnio f aTmott IsT btStrf j- ^ 

healing of a fractnre, it ™ust L 
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The location of the fracture is of considerable importance m deter- 
mining how complete immobiliJ^ation should be. 
shafts of the long bones are much more likely to exhibit Relayed n^* 
ing or nonunion than fractures through cancellous bone, the variation 
here probably depending upon differences in vascularity. Certain na - 
tures are noted for delayed healing or failure to heal, ’ 

those of the scaphoid, neck of the femur, both bones of the leg at 
junction of the lower and middle thirds, the shaft of the humerus in 
middle third, and both bones of the forearm in the middle , 

thirds. Here immobilization should be as complete as possible an 
should be maintained as long as necessary even at the 
functional consideration. On the other hand, fractures involving 
other articulations, or in the neighborhood of the articulations, 
heal readily since they are situated in cancellous bone 
blood supply. Such fractures require meticulous reduction, but o 
reduced, early mobilization may be permitted with benefit. 

Knowing the harm that may be done by prolonged immobihzauo ) 
yet having to make use of it in loose fractures in order to 
reduction, let us consider how some compromise may be reached i 
the interest of promoting functional recovery. In general, fixation 
accomplished by the use either of retentive apparatus or of tractio 
splints. The former category includes plaster of paris apparatus, a 
variety of splints of different designs and materials, and some simple 
dressings of bandage or adhesive plaster. Under traction splints 
included the various t>'pes of Thomas splints and special modinca- 
lions of these intended for the arm, shoulder, leg and hip, and the 
so-called banjo splints for the fingers and toes. . 

When applying retentive splints to a reduced fracture, the first rule 
should be to fix a lime for their removal. Especially is this necessary 
in the case of plaster-of-paris dressing. This lime may have to be pro* . 
longed if union proves not as far advanced as expected, but nothin? 
is worse than to prolong it wibout adequate reason. When using cir- 
cular plaster-of-paris clings, it is always a safe principle to split them 
on two sides as soon as they have hardened. This guards against con- 
striction and also makes possible the removal of the splints and exam- 
ination of the fracture without unnecessary delay. Secondly, only 
those articulations should be immobilized whose movement would be 
inimical to maintenance of reduction or to fracture healing. Thus in 
fractures of the forearm or wrist it is unnecessary to fix the fingers or 
thumb, and active movement and use of the digits should be encouraged 
from the beginning. Tiw same fe true of the toes in fractures of the 
lower leg and ankle. Total fixation of the ankle is frequently not 
required, and a portion of the splint over the dorsum of the foot may 
be cut away to permit limited mobilization here without entirely 
sacrificing support of the foot. Movements of the shoulder or hip are 
not contraindicated m many fractures involving the extremities, but 
stiffening of these joints may occur during the period of fixation unless 
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adequate attention is directed toward preserving their function. 
Thirdly, in so far as the requirements of the individual fracture permit, 
those joints that are to be immobilized should be fixed in the optimum 
position for functional recovery. These are usually positions in which 
gravity will represent an aid instead of an obstacle to the recovery of 
motion. Thus the shoulder recovers motion more readily when fixed 
in abduction, the elbow in flexion, the knee in extension and the ankle 
in right-angle flexion. Frequently the necessity of maintaining reduction 
of a fracture imposes a different position upon one of the articula- 
tions, but the other joint may be fixed in accord with functional 
considerations. Lastly, it is frequently possible to remove the splints 
temporarily at regular intervals, beginning immediately after the reduc- 
tion, to allow massage and mobilization. The fixation thus becomes 
interrupted instead of continuous. If the reduction is insecure ^dth 
considerable danger of displacement, the splint on one side may be 
removed and this surface exposed for treatment while the fracture 
is supported on the other side. The splint may then be reapplied 
while the other one is removed to allow treatment. Healing soon 
progresses to the stage when the part may be lifted out of the splints 
altogether and supported manually while mobilization is performed. 

Continuous traction or extension has been used for the fixation of 
certain fractures since ancient times. Although it overcomes shorten- 
ing and secures reduction, it does not of itself provide immobilization 
unless used in conjunction with fixative apparatus. The traction splints 
devised by Thomas, and popularized at the time of the Great War by 
Jones, meet this need and provide both rigid external fixation and 
the opportunity for traction and countertraction. It is essential to 
employ suspension in order to derive the greatest advantage from the 
use of traction splints. Suspension means slinging the splint support- 
ing the injured limb to an overhead frame by means of a svstem of 


cords, weights and pulleys in such a way that the weight of the injured 
member is exactly counterpoised and its mobility greatly increased. 
Traction is maintained by a cord passing over a pulley at the esd c* 
the bed and fixed to a weight. Traction-suspension is of great 
a physical therapeutic measure and also in promoting the 
comfort. With proper arrangement of the apparatus, "the X 

enabled to sit, lie or change position to a limited extent wf*bn=: 5h- 
turbing the fracture. This greatly facilitates the nursin'' car- in' 
resulting activity is of benefit to the general musculaiune an* - 
tion. It permits the mobilization of joints that would — ■sT-s-r^ 
if retentive splints were used, maintains muscular t — * ~ 
swelling and generally hastens the recover.- of 
duction and general adoption of the traction-^uszv-^-r-^^'" 
certain t>-pes of fractures marks one of the 
that has been made in treatment looking 


The value of traction-suspension treatmeu: ^ 
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Increased by the JnlroducUon of skeletal traction, by this procedure, 
traction is apjrlied directly to tlie bone by the introduction of pins, 
tongs or the small nexiblc wire of Klrschncr. Skeletal traction, as con- 
trasted with tlic ordinar>* miiliwl of adlicsive skin traction, has three 
great advantages. First, the force is applied directly to the bone \rhere 
its action is (lesired. Tljerc is no loss from diiTusion of the force as 
in the case of skin traction; consequently the amount of force required 
fs less. Second, the point of contact of the skeletal appliance mlh the 
liml) is small, and as a result llie entire region of the fracture ar.du 
distal part of the extremity are left uncovered. The wide acceis to 
the limb thus gained is of coniiidcrable importance in pcrmiuiag th£ 
use of massage anrl lieat, and also in the ease of infected compouM 
fractures in making posslldc examination and treatment of the jwai 
Third, wlicn applied dirt'cliy to the distal end of the bone, 

it permits movement of the joints, not only above, but also bdow 
fracture, and thus creates almost ideal conditions for futJcUoiui 
treatment. 

A third method of fixation that requires mention in any JJ? 
tion of the ways of securing tnimoblilMtion Is that of V.,;.. 
rnacje possible by operation. One of Die advantages of open 
is that it paves the way for securing such complete fixation 
fracture that early movement of the neighboring joints may w ^ 
milted and oilier measures institutetl to counteract and 
effects of trauma to the soft parts. In the case of 
fractures where healing occurs rapidly, this may not 
sufficient advantage to justify prolonging the operation and . 
ing foreign material. In that ease the surgeon will r^ly 
splints to maintain the alignment following operation, but ne . ‘ 
make an cITort to begin removing them temporarily at an early F ^ 
to permit movement. In the ease of fractures that nre hke> , 
displaced or that require a long period for healing, half of the , 
o open reduction will be lost unless some method of 
splmimg IS used. This usually means the introduction of LjIod 
V iP plates or pails. The great desideratum is that 

be internal means that massage and 

fcn ^ I" has recovered from the op ^ 

quired ^ttle in the way of external support 

that h is usually afforded either by relcntne -P 

therapy or by traction-rf^; 
hich provides the opportunity for massage and mo 
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atraumatic reduction of the deformity at the eah" 
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moment and maintenance of alignment afterwards by methods of 
splinting that minimize as far as possible the harmful effects of im- 
mobilization are of aid in obtaining functional recovery, their mode 
of action is more negative than positive in that they seek to lessen 
the ill effects of necessary treatment- Other measures capable of more 
directly influencing the pathologic changes in the soft parts must be 
adopted if the disability time of fractures is to be shortened and the 
functional results improved. The only measures at our command capa- 
ble of accomplishing this purpose belong to the domain of physical 
therapy, and they should be included just as regularly in the treatment 
of fractures and employed \vith the same skill as are reduction of the 
fracture and splinting to maintain alignment. 

When we consider the pathologic changes arising from a fracture, 
it is obvious that the immediate traumatic reaction and subsequent 
inflammatory process are of a reparative nature and have for their 
purpose the eventual formation of callus to heal the bone and of scar 
tissue to repair the injured soft structures. Much of the reaction in 
the soft tissues appears excessive, however, and out of proportion to 
the actual degree of damage. The soft parts are flooded with exudate 
and involved In severe circulatory disturbances that are inimical to 
the preservation of their function. The extension of hemorrhage be- 
tween muscles and along fascial planes and into tendon sheaths leads 
through the organization of the blood clot to the formation of cicatri- 
cial adhesions, obliteration of gliding surfaces, and fixation of the mass 
of scar tissue to the callus Avith prevention of the shortening and 
lengthening reaction of the muscles. The pouring out of exudate during 
the inflammatory reaction increases the swelling already present from 
hemorrhage and adds to the embarrassment of the circulation by mak- 
ing pressure upon the veins and lymphatics and by blocking the latter 
with cellular products. The unavoidable immobilization of the fracture 


intensifies and perpetuates this condition by abolishing all muscular 
contraction, upon which the venous and the lymphatic circulation 
depend As organization advances to cicatrization, the circulatory dis- 
turbances become fixed, owing to the blocking of the drainage chan- 
nels by the newly formed fibrous tissue. Watson expressed this con- 
ception as follows: “Blood extravasated into the soft tissues serves no 
known useful purpose. It is foreign material and in time is removed as 
such by the ordinary drainage media— the lymphatics and blood 
vessels. If these effusions and extra\'asations are not rapidly removed 
organization will take place with the formation of adhesions between 
articular surfaces, between tendons and their sheaths and between 
nerves and the surrounding tissues producing ‘matting’ of the soft 
parts.” All of these changes find e.\pression during the convalescent 
stage of treatment, in swelling of the extremity, impaired circulation 
joint stiffness and muscular weakness, and are reflected in the natient’s 
complaint of continued pain and inability to resume normal activities 
As a matter of fact the time necessary to overcome venous stasis 
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was 206.5 days. These figures assume even greater significance when 
it is pointed out that a very large percentage of these cases repre- 
sented only fracture-sprains or fractures without deformity, and very 
minor fractures such as those of the fingers or toes. While it is doubt- 
less true that other factors such as psycholo^c and economic con- 
siderations play a considerable part in determining the length of the 
convalescent period in industrial surgery, it is nevertheless evident 
that the period of disability after fracture is longer than it should be 
and that the results of treatment are still far from satisfactory. 

Progress in improving the surgical part of the treatment of fractures 
is being made as the result of organized propaganda and educational 
work carried out among the members of the medical profession 
throughout the country. While there still remains great room for 
further improvement along this line, I do not believe that this will 
solve the problem. I look to the more general and intelligent use of 
physical therapy, not by physical therapists but by physicians, as the 
means of making the next great advance in fracture treatment. Physical 
therapy when rightly used, that is, beginning in the acute stage of 
injury, is capable of influencing the pathologic changes of a fracture, 
particularly those affecting the soft parts, in a manner favorable to 
overcoming causes of delayed recovery. This belief is shared by many 
experienced students of fractures. Darrach ” advised early massage 
both before and after reduction of the fracture and described the re- 
sults as follows: “The result is a decrease in pain and discomfort, and 
improvement in circulation and so a hastening of repair. It also pre- 
vents much of the stiffness in Joints and muscles, lessens the amount of 
atrophy and shortens the time for return of full power.” Watson,^* 
reporting on his experience wth 400 cases of fracture treated by early 
massage and mobilization, stated: “Organization occurs during the 
first 9 to 10 days, hence it is during this crucial period that the local 
drainage apparatus — the circulatory and lymphatic systems — already 
reduced in efficiency by the injuries received, should be aided in their 
work of debris removal. Massage rapidly removes these effusions and 
extravasations by restoring the local lymphatic and circulatory drain- 
age to its former efficiency.” Murray expressed himself thus: “It is 
today becoming recognized that physical therapy displays its chief 
and prime value in the early phase, in that stage when hemorrhage, 
exudate and transudate infiltrating the soft parts can be actually re- 
moved by painless physical therapeutic measures acting reflexly — not 
by direct pressure on the circulatory status of the part.” Trethowan “ 
said: “It is the acute case which benefits most from physical therapy 
and in which this expensive treatment is economically of most value 
When treatment is unduly delayed, the efforts of the masseuse are 
devoted largely to combating the results of neglect— poor circula- 
tion, disuse atrophy, loss of power, stiff Joints, contractures and 
adherent scars.” Galland=® wrote as follous: “The use of physical 
therapy must not be relegated to an attempt to rehabilitate cases 
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and edema, to restore normal circulatory conditions, to mobilize stiff 
joints, to free the scarred and contracted muscles and to build up 
their power is generally many times greater than the period requird 
for the healing of the fracture. Physicians who are engaged only in 
private or hospital practice frequently fail to realize this, as most of 
their patients arc dismissed at the time when further active treatment 
ceases to be necessary and generally before function has been com- 
pletely regained. Industrial surgery has furnished a very useful check 
on the duration of disability, as under the industrial compensation 
laws the patients have to be followed and treated, not only until their 
fractures have healed, but until they arc able to return to work. Since 
most of the patients arc employed at jobs necessitating heavy labor, 
it is impossible for them to resume their occupations before they have 
obtained nearly complete functional recovery. 

Studies of fractures among this group have shown that the disabling 
effects of the injury continued for a long period after the fracture itself 
had healed. The disability time of a fracture may be divided into two 
periods: the first, the period of consolidation, which extends from 
the moment of injury to the time when healing is sufficiently firm to 
permit the removal of fixative apparatus and the beginning of active 
use either with or without protection; and the second, the period of 
convalescence, which extends from the end of the consolidation period 
to the time when functional restoration is sufficiently complete to 
allow the resumption of normal activities or work. Figures obtained 
from the Industrial Accident Commission of Massachusetts showed 
that the average duration of temporary total disability after fracture 
of the wrist was 9 weeks, whereas the period of consolidation was 
usually 3 to 4 weeks; and after fractures of the region of the shoulder 
weeks against a consolidation period of 4 to 5 weeks. 
These figures were for all cases and included a large number of 
in addition did not include the 
. , ustrial cases is often very long. 

General Hospital showed that 
iower leg rarely recovered before the end 
of 6 to 8 months against a consolidation time of lo to is weeks, and 
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was 206.5 days. These figures assume even greater significance when 
it is pointed out that a very large percentage of these cases repre- 
sented only fracture-sprains or fractures \vithout deformity, and very 
minor fractures such as those of the fingers or toes. While it is doubt- 
less true that other factors such as psycholo^c and economic con- 
siderations play a considerable part in determining the length of the 
convalescent period in industrial surgery, it is nevertheless evident 
that the period of disability after fractures is longer than it should be 
and that the results of treatment are still far from satisfactory. 

Progress in improving the surgical part of the treatment of fractures 
is being made as the result of organized propaganda and educational 
work carried out among the members of the medical profession 
throughout the country. While there still remains great room for 
further improvement along this line, I do not believe that this will 
solve the problem. I look to the more general and intelligent use of 
physical therapy, not by physical therapists but by physicians, as the 
means of making the next great advance in fracture treatment. Physical 
therapy when rightly used, that is, beginning in the acute stage of 
injury, is capable of influencing the pathologic changes of a fracture, 
particularly those affecting the soft parts, in a manner favorable to 
overcoming causes of delayed recovery. This belief is shared by many 
experienced students of fractures. Darrach” advised early massage 
both before and after reduction of the fracture and described the re* 
suits as follows: “The result is a decrease in pain and discomfort, and 
improvement in circulation and so a hastening of repair. It also pre- 
vents much of the stiffness in joints and muscles, lessens the amount of 
atrophy and shortens the time for return of full power." Watson,^* 
reporting on his experience with 400 cases of fracture treated by early 
massage and mobilization, stated: “Organization occurs during the 
first 9 to 10 days, hence it is during this crucial period that the local 
drainage apparatus — the circulatory and lymphatic systems — already 
reduced in efficiency by the injuries received, should be aided in their 
work of debris removal. Massage rapidly removes these effusions and 
extravasations by restoring the local lymphatic and circulatory drain- 
age to its former efficiency.” Murray ” expressed himself thus: “It is 
today becoming recognized (hat physical therapy displays its chief 
and prime value in the early phase, in that stage when hemorrhage, 
exudate and transudate infiltrating the soft parts can be actually re- 
moved by painless physical therapeutic measures acting reflexly — not 
by direct pressure on the circulatory status of the part.” Trethowan 
said: “It is the acute case which benefits most from physical therapy 
and in which this expensive treatment is economically of most value 
When treatment is unduly delayed, the efforts of the masseuse are 
devoted largely to combating the results of neglect— poor circula- 
tion, disuse atrophy, loss of power, stiff joints, contractures and 
adherent scars.” Galland wrote as follows: “The use of physical 
therapy must not be relegated to an attempt to rehabilitate cases 
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functionally impaired after long-continued surgical treatment of frac- 
tures, but must be included in our scheme of treatment from the 
earliest phase of handling the condition." The pioneer of physical 
erapy in fractures, Lucas-Cliampionnierc,* always emphasized that 
massage and mobilization should be used from the very beginning if 
striking results were to be obtained. His English disciple, 
ennel , has been equally convinced of this and described the effects 
as re le of pain and spasm, improvement in nutrition and earlier 
functional restoration. 

^ust therefore be employed within the first two 
injury if any effect is to be obtained in the removal of 
the remainder of the period of con- 
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lamps, diathermy or hot baths. It is soothing and relieves pain. It also 
brings about a vascular flushing of the part that may be of benefit as 
a preliminary to massage and movement. The use of heat is some- 
times indicated in the early stage of fracture treatment to stimulate 
the circulation of an extremity when it is gravely embarrassed as the 
result of extensive injury and swelling. 

Massage, of the light stroking variety described by Lucas-Champion- 
nieie, is of great value in the early acute stage of a fracture and prob- 
ably produces its effects reflexly through the nerves. It relieves pain 
and muscle spasr ■ ^ ‘'le circulation 

and overcoming • ! of fracture 

treatment, deep s ■ * that they are 

painless, are useful for their mechanical action in getting rid of edema 
and improving nutrition. Movement is the complement of massage, and 
massage is almost a waste of time in the treatment of fractures unless 
supplemented by motion. In the early stage the movement should be of 
the passive type with the patient’s muscles completely relaxed. Any 
active muscle contraction would cause movement at the seat of fracture 
and result in spasm and pain. Passive movement stimulates the cir- 
culation, prevents adhesions and contraction of the muscles, and 
maintains joint flexibility. In proportion as consolidation of the frac- 
ture proceeds, the character of the movement is changed from passive 
to active motion through the gradation of assisted movement. After 
union has become firm, chief reliance must be placed in active use 
and exercises performed by the patient. At this time occupational 
therapy offers a means of breaking the monotony of exercises by 
adding the interest and stimulus of performing a useful task. 

Ultraviolet irradiation is not known to have any specific effect on 
fractures beyond its general action of stimulating calcium metabolism 
in the body. In conditions of disturbed calcium metabolism this action 
may be desirable, but its use should be reserved for this. Electricity in 
its various forms seems only to offer other means of obtaining the 
same effects as can be brought about by the use of heat, massage and 
movement. Diathermy has not been shown to have any specific action 
other than that of supplying heat centrally In the tissues. It is subject 
to great errors unless managed by a highly skilled person. A stimulat- 
ing effect upon delayed consolidation has been claimed for it but has 
not yet been proved. The static brush provides the equivalent of light 
stroking massage. The various forms of electrical stimulation of muscle 
contraction by galvanic, faradic and sinusoidal currents undoubtedly 
may be of service under r— ■ * . rvith 

great skill, and at best tl ' . |. ' ition 

the machines are costly, ■ ... . . ^ 

side and not initequenliy pioduce unpleasant psychologic reactions 
objections which seriously limit their use in the treatment of fractures! 
The Morton Smart machine, which produces a completely controlled' 
high-frequency current of a surging type, seems to be one of the best 
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for obtaining graduated muscle contraction and relaxation, but its place 
in fracture treatment at present is sub judice. ik. 

Physical therapy has always been subject to criticism be i.„, 
small body of scientific knowledge underlying the ol its 
agencies, Ini because of its claims of therapeutic 
there existed no real proof. Unfortunately "Srf 

justified. Mechanical development has temporarily ‘ 1 “*'^''" 
study, with the result that .a lot of different 
been produced for which every bcncficml ' vs^anship. 

that can be supported by enthusiasm or '’'S'''PO''ercd s 
It is therefore important to differentiate between the 
based on long clinical experience and scientibc 

not. Massage and mobilization, while lacking the r.-.riWp have 
explanation of their mode of .action that at present is des 
behind them a mass of clinical experiences which began * . 5 

and which collectively constitutes valid evidence of ® mv^rv and 
It is the same kind of evidence as that which led „ fodidc 

recognition of the therapeutic value of mercury and potass , 

in syphilis, of quinine in malaria, or iron In anemia, ana ® ^ 

oil in rickets many years before scientific data had been 
prove their value. The actions of the various agencies oi p y 
therapy are susceptible of experimental investigation, and u i , 
hoped that investigators wiU be stimulated to cultivate 
untilled soil. Until the results of such investigations are 
we will do well to confine our use of physical therapy, of 

treatment of fractures, to those agencies which have stood the 
prolonged clinical experience. , 

The age of the patient has considerable bearing upon the neea 
physical therapy. In children not only does consolidation . 
fracture occur more rapidly, but the effects of the traumatic rea 
upon the soft parts are also more quickly overcome. The natural a 
ity of children and their love of play quickly restores function, an 
is more often necessary to hold them back than to push them J 
Consequently, physical therapy is unnecessary and usually but a w 
of time in children below the age of fifteen years. Beyond this a^ 
reactions to trauma are of the adult type, and physical therapy , 
be employed. Conditions for overcoming the effects of injury n 
restoring function become less favorable with increasing years unti 
in old age they become definitely adverse. The less favorable 
of the tissues, the greater is the need for early physical therapy. 
most fertile field for physical therapy in fractures is found in tn 
middle-age period. Not only is this the period when bony injuries are 
common owing to the greater exposure to trauma, but it is also 
period of active wage earning when the individual can least afioio 
unnecessary loss of time. Functional disability must be shortened ano 
permanent crippling avoided 1^' the use of every therapeutic resource- 
The type of fracture and its location are the most important factors 
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in determining whether or not ph3^ical therapy can be employed in 
the early stage. In the case of a loose displaced fracture, all depends 
upon the security of the reduction. Rather than to incur the risk of 
secondary displacement, it is better to postpone the use of physical 
therapy until consolidation is well advanced. Fractures of the shafts 
of long bones are particularly dangerous in this respect, and early 
massage and mobilization can be employed only in a limited way, 
chiefly after open reduction and internal fixation or in conjunction with 
skeletal traction and suspension. On the other hand, in the case of 
fractures of cancellous bone, conditions are much more favorable for 
the early use of massage and mobilization since there is much less 
risk of displacement, and union tends to occur rapidly on account of 
the abundant blood supply. Thus the most spectacular results are 
achieved in fractures of the lower end of the radius and the upper end 
of the humerus. In fractures of the lower end of the humerus, a good 
deal depends upon the individual type of fracture and its stability after 
reduction; some can be treated early and others cannot. Early physical 
therapy can be employed with great advantage in certain fractures of 
the knee and ankle, but subject to the limitations imposed by the 
individual case and the danger of losing the alignment. In fractures of 
the hip and wrist, especially of the carpal scaphoid, physical therapy 
is absolutely contraindicated except In the late stage because of the 
danger of nonunion. 


Undisplaced Fractures 

Fractures without displacement constitute a largo and important 
group of injuries whose number is constantly growing larger as the 
practice spreads of making roentgenologic examinations in all cases of 
injury, irrespective of whether fracture is suspected or not. They in- 
clude incomplete and fissured fractures, subperiosteal fractures, green- 
stick fractures, impacted fractures and many of the comminuted frac- 
tures In cancellous bone. Strictly speaking they are not altogether 
fractures without displacement, as deformity of greater or lesser degree 
may be present in certain impacted or greenstick fractures, but they 
represent cases in which the deformity is either not of a disabling 
character or in which, because of the nature of the fracture or the 
condition of the patient, there is more advantage in leaving the de- 
formity than in attempting to correct it. The latter applies particularly 
to the comminuted fractures of the upper end of the humerus and to 
the impacted fractures of the neck of the femur in aged individuals. 
In the first, correction of the deformity necessitates fixation of the 
shoulder and results in stiffness, some of which may prove permanent’ 
while, on the other hand, immediate treatment by massage and move- 
ment yields such good results even in the presence of considerable de- 
formity that the latter plan may have the preference In the ca=e of 
impacted fractures of the hip-which are of rarer occurrence 'than 
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generally believed — correction of the deforniity means breaking up 
the impaction and incurring the risk of nonunion, in addition to the 
disadvantages of prolonged treatment in a plaster spica. In compari- 
son with this, the treatment of the impacted fracture is so much simpler 
and safer that the deformity must be great indeed to justify taking 
the risks of the alternative course. Lucas-Championni^re used to say 
that impaction represented the first stage of fracture repair already 
completed, and even went so far as to advise against dislurbii^ il in 
Colies’ fracture except in extreme instances. While I cannot subscribe 
to this extreme view, I do feel that there is every advantage in preserv- 
ing impaction when there is no great deformity. 

The treatment of undisplaced fractures affords a relatively 
problem, both because of the lack of necessity of reduction and the 
ease of maintaining alignment. When a fracture has withstood the 
primary trauma wthout displacement, there is little danger of second- 
ary displacement, and all that is required in the way of fixation is 
light protective splinting of an easily removable type or traction- 
suspension to counteract the weight of the extremity. This group oi 
fractures offers an ideal opportunity for treatment from the begin- 
ning by physical therapy. Superficial stroking massage and passive and 
assisted motion may be begun at once without the slightest dangen 
Rational use of these measures combined with rest and elevation mil 
restore the circulation, maintain the suppleness of the muscles and the 
flexibility of the joints, and promote early recovery. It cannot w 
emphasized too strongly that complete and prolonged immobilization 
of such fractures represents a surgical crime. 


Summary of Fracture Treatment 

Rapid functional recovery from a fracture depends not upon em- 
phasizing any one particular method of treatment but upon attempt- 
ing to apply in the proportions adapted to the needs of the individual 
<ase the three cardinal principles of fracture treatment: early reduc- 
tion, maintenance of alignment and institution of therapeutic measures 
to promote^ the return of power and function. \Vhile wide latitude is 
permitted in the details of treatment, and different surgeons may 
adopt widely different methods to attain the same end, the principles 
underlying the treatment should remain the same. The goal of func- 
tional recovery should be constantly visualized, and the obstacles to 
be overcome m achieving this objective should be foreseen in each 
case and the treatment planned accordingly. Physical therapy repre- 
sents only one mrans of attaining this goal, of ialue when it can be 
earned out in an ideal way, of secondary importance when other con- 
sjdcrations are more imperious. The inability to employ physical 
therapy may be wunterbalan^ by attention to other details of treat- 
ment, and particularly by the use of every method that tends to 
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promote early activity and to shorten and render less continuous the 
period of immobilization. 

The following represents a recapitulation of the more important 
points of treatment that have been mentioned in the preceding sections: 


1. Splint all fractures at the place of the accident in order to pre- 
vent the additional pain, displacement and soft-part injury that 
will otherwise result during the transportation of the patient to 
the hospital or home. 

2. Seek to obtain complete reduction of the fracture at the earliest 
possible moment after the injury by the use of that method, 
whether of the closed or open type, which offers the greatest 
chance of success with the avoidance of unnecessary and addi- 
tional trauma by repeated efforts at reduction. 

3. Try to splint the part in such a way that the greatest amount 
of use will be permitted without jeopardizing the position of the 
fragments. 

4. Immobilize as few articulations as necessary to preserve the 
alignment and to provide favorable conditions for healing. 

5. In so far as the requirements of the individual fracture permit, 
immobilize the joints in the positions most favorable for the 
rapid recovery of function. Thus the wrist should be fixed when 
possible in a position of dorsiflexion, the elbow in a position of 
flexion, and the ankle joint in a position of right-angle flexion. 
In these positions the action of gravity favors the return of 
motion, and any stiffness that may result will be less likely to 
cause disability. 

6. Urge active motion and use of the adjacent and unimmobilized 
joints from the very beginning. Thus in the case of injuries of 
the upper extremities, the fingers and hand should be left free 


whenever possible and their use encouraged. WTien the shoulder 
joint is not fixed, regular exercises should be instituted to pre- 
vent contractures and loss of strength. In the case of the Icri- 
extremity, likewise, movement should be encouraged of sT- de- 
unimmobilized joints, even if only of the toes. It shotdd sk- 
remembered that the muscles activating these structures 
considerable distances and often arise in the region of 
Their contraction and use rvill be of great aid in gettin-Sf?^ 
edema and exudate and in maintaining normal nutrition 
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generally believed— correction of the deformity means breaking up 
the impaction and incurring the risk of nonunion, in addition to the 
disadvantages of prolonged treatment in a plaster spica. In compari- 
son with this, the treatment of the Impacted f raclure is so much simpler 
and safer that the deformity must be great indeed to justify taking 
the risks of the aUernativc course. Lucas*Chrimpionniere “ used to say 
that impaction represented the first stage of fracture repair already 
completed, and even went so far as to advise against disturbing it in 
Colies’ fracture except in extreme instances. While I cannot subscribe 
to this extreme view, I do feel that there is every advantage in preserv- 
ing impaction when there is no great deformity. 

The treatment of undisplaced fractures affords a relatively simple 
problem, both because of the lack of necessity of reduction and the 
ea^ of maintaining alignment. When a fracture has withstood the 
primary trauma without displacement, there is lilOe danger of second- 
ary displacement, and all that is required in the way of fixation is 
light protective splinting of an easily removable type or traction- 
suspension to counteract the weight of the extremity. This group ol 
fractures offers an ideal opportunity for treatment from the begin- 
ning by physical therapy. Superficial stroking massage and passive and 
assisted motion may be begun at once without the slightest danger. 
Rational use of these measures combined with rest and elevation wk 
restOTc the circulation, maintain the suppleness of the muscles and the 
flexibility of the joints, and promote early recovery. It cannot be 
emph^ized too strongly that complete and prolonged immobiliaation 
of such fractures represents a surgical crime. 


Summary of Fracture Treatment 

Rapid functional recovery from a fracture depends not upon em- 
phasizing any one particular method of treatment, but upon attempt- 
ing to apply m the proportions adapted to the needs of the individual 
<^se the three cardinal principles of fracture treatment: early reduc- 
alignment and institution of therapeutic measures 
in n'f ^de latitude is 

permitted m the details of treatment, and different surgeons may 
adopt widely different methods to attaik the samren^the principle 
underlying the treatment should remain the same The goal of func- 
tional recovery shon d be comtantly visnalieed, UtL obstacles W 
be overcome m achievmg this objective should be forLeen in each 
case and the treatment planned accordingly, Physiad tterapy repre- 
sents only one means of attaining this goal^ of S whenTcan be 
canted out m an ideal way, of sccondarv 1 

sidcralions are more imperious. The Tnabhho . 
therapy may be counterbalanced by attention in oin *'t'wat- 

ment. and particularly by tbe «^“rer^‘re?b:d1S%lr.i. 
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Technic of Physical Therapy in Fractures 

Massage. — Of the various types of massage that have been de- 
scribed by different teachers and writers, there are only three that are 
of value in the treatment of fractures. These are superficial stroking, 
effleurage and kneading. The other forms of massage, such as friction, 
petrissage and the different percussion movements or tapotement, are 
far too vigorous to be tolerated in a recent fracture and even in the 
convalescent stage accomplish nothing but harm. Indeed it has always 
been a criticism of massage as performed by the average technician in 
the treatment of injury that it is too strenuous and does harm rather 
than good. All too frequently it has been the aim to give the patient all 
he could stand, an objective inspired in part by the desire of the pa- 
tient to be sure and get his money’s worth, and in part by the lack of 
specific instructions as to what was wanted from the doctor. Vigorous 
massage of an injured part is given under a complete misapprehension 
of the goal that is sought, namely, to secure muscular relaxation and to 
benefit the circulation. Pain is always to be regarded as the warning 
signal, and massage that is painful is also harmful. 


Early Massage of a Recent Fracture. — Massage of the peculiar 
superficial stroking type advocated by Lucas-Championniere * and his 
pupils is employed for the treatment of fresh fractures to relieve pain, 
secure muscular relaxation, overcome swelling and to benefit the cir- 
culation. As has been said before, It precedes and paves the way for 
mobilization. Its application is necessarily limited by the location and 
l)pe of the fracture. To produce its full effects, the entire surface of 


the hmb should be exposed to treatment. When dealing with loose, 
displaced fractures, this cannot be done without jeopardizing the 
reduced position of the fragment. Such fractures, if they are to be 
treated at all, must be treated over the small area that can be exposed 
by local adjustment of the splint. In some instances when the injured 
part is fixed by anteroposterior or lateral splints, one splint may be 
removed and the part supported on the other splint while the exposed 
surface is treated. This splint is then replaced, the position reversed 
and the other splint removed for treatment. The ty-pes of bony injury 
ideally suited for early ma.ssage and mobilization are the incomplete, 
impacted or undisplaced fractures. Because of the little tendency to 
displacement of such fractures, it is possible to remove the splints with 
safety and to support the part by cushions in a manner to permit 
complete treatment. In any case, regardless of the type of fracture 
it is important that the part shall be completely supported in order to 
obtain the utmost of muscular relaxation before proceeding with the 
massage. Generally it is more difficult for a patient with a sensitive 
extrcmily to relax when sitting than when lying, and for this reason 
the recumbent posiUon is usually to be preferred. The position of 
the joints should be scmific.xed by the adjustment of pillows or 
cushions to insure the utmost comfort and relaxation. 
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of the plaster, as, for example, over the dorsum of the foot to 
permit a little movement of the ankle. When molded plaster or 
other splints arc used, as in fractures of the lower end of the 
radius, or in the region of the elbow, make a point of removing 
the splints temporarily for massage and mobilization treatment, 
beginning a few days after injury. 

9. When a fracture is treated by continuous traction, the extremity 
should be suspended and counterpoised in order to permit as 
much movement as possible of the proximal articukation while at 
the same time increasing the efficiency of the apparatus and pro* 
moting the patient’s comfort. When skeletal traction Is used, ad* 
should be taken of it to mobilize regularly, when pos- 
sible, the joint distal to the point of insertion of the pin, wire 
or Thus, for example, in the case of a fracture of the shaft 
0 the femur with traction by Kirschner’s wire through the 
emoral condyles, it is often possible to begin partial mobiliza- 
tion of the knee joint within two weeks of the time of injury, 
in the cases of fractures of the upper end of the humerus that 
are treated in traction-suspension, it is often possible to suspend 
the torearm separately and to permit a little movement of the 
elbow and of the shoulder. 

stage of treatment is reached, substitute 
efr '".completely immobilizing splints when- 

activiUes Permitting a greater range of functional 

anolianrpB tl* the lower extremity, weight-bearing 

te'^f cS oaliper braces or close-fitting plas- 

XnCTer ^“‘'"8 "‘'rmps should be used 

circulation^ ' counteract atrophy and stimulate the 

and gSlereiSvp m°"i- ‘"oinly of light stroking massage 
without ieonardiVin should be administered when possible 
^0 weeffi '^“Snients, in the first 

prove the drculmion ™''t‘tc und to im- 

the period of consolidation^ c°”tinued regularly through 
proportion to the advance ^ 

vaiescent stage, active motion* formation. In the con- 

the main function of phvsicJd lu'* chic' ra'ce, a"'' 

12 . Fractures without disDlTTAm., therapy should be educational. 

secondary displacement and subject to little risk of 

ing of an easily removable j ^’Sht protective splint- 

Massage and mobilization shSi ^^^^tion and suspension, 
all such fractures from the v ^ k fmpldyed in practically 
prolonged immobilization of su^ “^Sj^ning. Continuous and 
disability as the injury itself causes as much 

y sen and should be avoided at all costs. 
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Technic of Physical Therapy 

Massage in the Later Treatment of Fracture. — Massage 
should never be more than of the light stroking type during the active 
phase of fracture treatment. Only when union is solid enough to permit 
the temporary or complete removal of the splint should any deeper 
pressure be permitted. Then deep stroking massage or effleurage sup- 
plemented occasionally by kneading may be employed for their me- 
chanical effect in helping to drain the clogged lymphatics and to empty 
surplus fluid from the tissue spaces. Since its action is mechanical in- 
stead of reflex, effleurage should be administered only in the centripetal 
direction and always in the manner advocated by Wharton Hood '■ of 
beginning by massaging the tissues of the proximal portion of the ex- 
tremity and emptying these, then proceeding a little distally and work- 
ing back again over the proximal region, and repeating this maneuver 
as many times as necessary until the entire extremity has been treated. 
This procedure is based on the principle that the proximal lymphatic 
and venous circulation must be stimulated and the channels cleared 
before the fluid can be removed from the distal part with success. 

While effleurage is classed as deep stroking massage and requires 
deep pressure, this does not mean hard or forcible pressure. The main 
requirement in order to administer effleurage properly is muscular re- 
laxation. As long as the muscles are hard and contracted; even the 
most vigorous pressure would scarcely be able to produce any deep 
effect. On the other hand, with muscular relaxation the tissues trans- 
mit gentle, even pressure to the depths just as if they W’ere a fluid 
medium. Light superficial stroking should always be employed to relax 
the muscles before proceeding with deep stroking, and even after this 
has been begun, when certain regions are found to be hard instead of 
soft, then one should return to the superficial stroking until these 
muscles have relaxed. Effleurage is intended to aid in the restoration 
of vasomotor tone and to assist in moving venous blood and lymph, 
thereby improving the nutrition of the tissues and promoting the elimi- 
nation of waste products. 

^lassage of a kneading type may be used sometimes to supplement 
deep stroking movements when nontender fibrotic thickenings are 
encountered that do not respond to the latter. It is more often needed 
when dealing with an indurated scar in the muscles resulting from 
extensive soft tissue damage. It ought to be used only when com- 
plete union has been obtained, and never when its administration is 
attended by the slightest pain. There seems to be no place in fracture 
treatment for the use of the deeper movements of massage such as 
friction, petrissage or any of the percussion movements such as tapote- 
ment, hacking, dapping, beating, vibrating or shaking. The value of 
these movements is debatable under almost any conditions, and they 
certainly have no place in the therapy of injuries. ^ 


Mobilization.— Xothing is so important as movement for 
function after a fracture. It represents the very essence of 


restoring 

function, 
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Superficial stroking is the only type of massage that should be em- 
ployed in the early treatment of fractures. Its practice can only be 
perfected by actual experience. The movements must be slow, gentle 
and rhythmical, and made with the flat of tlie fingers, the hand being 
relaxed so as to adapt and mold itself to the part. The stroke should 
cover as large a part of the limb as possible, but should avoid the 
re^on immediately overlying the fracture until this ceases to be 
painful. In the case of the upper extremity the stroke should include 
the whole area from the hand to the shoulder, and in other regions 
it should be equally extensive. The contact with the skin should be so 
gentle that the patient scarcely feels the touch. Lucas-Championniere 
likened it to “little more than a caress.” It should be performed in one 
direction only, and as it is employed chiefly for its refle.t action, it 
matters little whether the direction is centrifugal or centripetal. The 
rhythm should be slow and even, and the same when the hand is return- 
ing through the air as when in contact with the skin. As lubricants 1 
usually employ alcohol and talcum powder, but if the effect of these 
upon the skin becomes too drying it may be necessary to substitute 
olive oil. 


The whole purpose of massage treatment in a recent fracture is to 
produce reflex effect, and the benefits that are obtained can scarcely 
be explained upon any other basis. The stroke is too light and gentle 
to have any mechanical action upon the edema and swelling. Further- 
more, when the extent and degree of the swelling in a recent fracture 
are considered, it is evident that vascular dilatation or rela.xation plays 
a large role in its causation. Vascular tone is maintained normally by 
the vasomotor nerves, and it is not unreasonable to suppose that m 
a state of vasomotor paralysis this nervous mechanism may be m- 
flupced by surface stimulation. I ucas-Championniere attributed the 
relief o! pain m part to exhaustion of the sensory nerve ending by 
the repeated surface stroking, and this is as good an e.vplanation of 
this part of its action as any that have been suggested. The benefits o 
the massage, when properly performed, manifest themselves by relief 
of muscle spasm. After relaxation has been 
obtained, then gentle movements of the passive type may be made. 
♦Wq ^ ^ motion in the beginning is beneficial, and later 

It is always a matter for astonishment 

.. "" . ' massage in a recently injured extrem- 

. ' . . ' ' movement be permitted that former y 

the oatienTh^ f treatment it is important not to lire 

exceSn fitreen , ‘--“tment. The seances should be short mt 
S daL or nn “d treatments should be 

S smetficLrstmv" ■^<=5' should always begin and end 

tween the two periods 
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Massage in the Later Treatment of Fracture. — Massage 
should never be more than of the light ' ‘ i • 

phase of fracture treatment. Only when 

the temporary or complete removal of . , . 

pressure be permitted. Then deep stroking massage or effleurage sup- 
plemented occasionally by kneading may be employed for their me- 
chanical effect in helping to drain the clogged lymphatics and to empty 
surplus fluid from the tissue spaces. Since its action is mechanical in- 
stead of reflex, effleurage should be administered only in the centripetal 
direction and always in the manner advocated by Wharton Hood -- of 
beginning by massaging the tissues of the proximal portion of the ex- 
tremity and emptying these, then proceeding a little distally and work- 
ing back again over the proximal region, and repeating this maneuver 
as many times as necessary until the entire extremity has been treated. 
This procedure is based on the principle that the proximal lymphatic 
and venous circulation must be stimulated and the channels cleared 
before the fluid can be removed from the distal part with success. 

While effleurage is classed as deep stroking massage and requires 
deep pressure, this does not mean hard or forcible pressure. The main 
requirement in order to administer effleurage properly is muscular re- 
laxation. As long as the muscles are hard and contracted, even the 
most vigorous pressure would scarcely be able to produce any deep 
effect. On the other han'd, with muscular relaxation the tissues trans- 
mit gentle, even pressure to the depths just as if they were a fluid 
medium. Light superficial stroking should always be employed to relax 
the muscles before proceeding with deep stroking, and even after this 
has been begun, when certain regions are found to be hard instead of 
soft, then one should return to the superficial stroking until these 
muscles have relaxed. Effleurage is intended to aid in the restoration 
of vasomotor tone and to assist in moving venous blood and lymph, 
thereby improving the nutrition of the tissues and promoting the elimi- 
nation of waste products. 

Massage of a kneading type may be used sometimes to supplement 
deep stroking movements when nontender fibrotic thickenings are 
encountered that do not respond to the latter. It is more often needed 
when dealing with an indurated scar in the muscles resulting from 
extensive soft tissue damage. It ought to be used only when com- 
plete union has been obtained, and never when its administration is 
attended by the slightest pain. There seems to be no place in fracture 
treatment for the use of the deeper mo\-ements of massage such as 
friction, petrissage or any of the percussion movements such as tapote- 
ment, hacking, clapping, beating, vibrating or shaking. The value of 
these movements is debatable under almost any conditions and thev 
certainly have no place in the therapy of injuries. ’ ^ 


Mobilization.— Nothing is so important as movement for 
function after a fracture. It represents the very essence of 


restoring 

function, 
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Superficial stroking is the only type of massage that should be em- 
ployed in the early treatment of fractures. Its practice can only 
perfected by actual experience. The movements must be ^ 
and rhythmical, and made with the flat of the fl^ge^, the hano dk g 
relaxed so as to adapt and mold itself to the part. The stroke sn 
cover as large a part of the limb as possible, but should avoi 
region immediately overlying the fracture until this ceas^ o 
painful. In the case of the upper extremity the stroke snoulo 
the whole area from the hand to the shoulder, and in 
it should be equally extensive. The contact with the skin should 
gentle that the patient scarcely feels the touch. Lucas-Champion 
likened it to “little more than a caress.” It should be permrmed m 
direction only, and as it is employed chiefly for its refle-x 
matters little whether the direction is centrifugal or 
rhythm should be slow and even, and the same when the hand is re 
ing through the air as when in contact with the skin. 
usually employ alcohol and talcum powder, but if the effect m 
upon the skin becomes too drying it may be necessary to suds \ 
olive oil. 


The whole purpose of massage treatment In a 


produce reflex effect, and the benefits that are obtained can i . 
be explained upon any other basis. The stroke is too light ana geni 
to have any mechanical action upon the edema and swelling, ' 
more, when the extent and degree of the swelling in a recent^ 
are considered, it is evident that vascular dilatation or relaxation piay 
a large role in Us causation. Vascular tone is maintained 
the vasomotor nerves, and it is not unreasonable to suppose 
a state of vasomotor paralysis this nervous mechanism may be in- 
fluenced by surface stimulation. I ucas-Championniere attributed m 
relief of pain in pari to exhaustion of the sensory nerve ending / 
the repeated surface stroking, and this is as good an explanation oi 
this part of its action as any that have been suggested. The benefits ^ 
the massage, when properly performed, manifest themselves by reliei 
of pain and relaxation of muscle spasm. After relaxation has been 
obtained, then gentle movement of the passive type may be made- 
Even a small amount of motion in the beginning is beneficial, and later 
this can gradually be increased. It is always a matter for astonishment 
to witness the soothing effect of massage in a recently injured extrem 
ity, to see the muscles relax and movement be permitted that formerly 
was completely prohibited. 

In the early stage of fracture treatment it is important not to tire 
the patient by too long treatment. The stances should be short,' not 
exceeding fifteen to twenty m'mu^s, and the treatments should be 
riven daily or on alternate da^. They should always begin and end 
wth superficial stroking, mobiTtzation of the joints being given be- 
tween the two periods of massage. 
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fracture instead of at the articulation; that it scr\'es as an excuse for 
physicians to manipulate joints violently in pump-handle fashion, of 
which the harmful results have been frequently seen; and that the 
goal that is aimed at by passive motion can be obtained with much 
greater benefit to the patient from the use of active motion. Such 
criticisms are made without knowledge of what passive movement is 
or of what it is intended to accomplish. I do not dispute the greater 
value of active movements when they can be performed, but I know- 
that passive motion can be employed in patients with fractures when 
active motion would only be harmful. Passive motion is not advocated 
as a substitute for active movement, but only with the aim of getting 
movement started as early as possible, and of employing it to lead up to 
active movement just as massage leads up to passive motion. The 
criticism that passive motion is resisted by the patient’s muscles is 
made without proper understanding of the fact that passive motion is 
employed only with the patient's muscles completely relaxed- Passive 
motion that is resisted by the patient is no longer passive motion, but 
resisted movement; and the physiotherapist who cannot distingubh 
between these two tj-pes of movement is not worthy of the name. Mr. 
Mennell of London’ has suggested that the name relaxed motion be 
substituted for the term passive motion in order to promote better 
understanding of what it really is, and this change appears advan- 
tageous. Passive motion is undoubtedly subject to abuse just as are 
most procedures of medicine and surgerv’. but the remedy is proper 
instruction rather than complete abandonment of the method. 

Relaxed il/o//on. — Relaxed motion is employed in the treatment of 
fractures as the first effort at mobilization. In certain U'pes of frac- 
tures that are attended by little danger of displacement of the frag- 
ments, it may be employed in conjunction with light stroking massage 
beginning immediately after injuiy. In other cases where the risk of 
displacement is greater, Us use must be postponed until consolidation 
is sufficiently advanced to obviate this risk. It may be used frequently 
at an early period in conjunction with the traciion-suspension treat- 
ment of fractures. As has been explained previously, it requires com- 
plete muscular relaxation on the part of the patient, and this is best 
induced by a preliminary treatment of light stroking massage lasting 
from ten to fifteen minutes. Relaxation can only be obtained when all 
of the preliminarj’ treatment leading up to mobilization, including the 
removal of the splint, the handling of the limb and the massage? has 
been characterized by extreme gentleness. Never even for a rnoment 
should there be the slightest interruption of the physical therapist’s 
constant vigilance to avoid pain. The slightest sensa'tion of pain ^11 
cause the patient’s muscles to tighten and defeat the purpose of the 
treatment. ^ 


The treatment should be given rvith the patient sittin- or return 
bent, and nath the part arranged in a posiUon which permits relaaaUon 
and allows the physiotherapist to reach it in the most convenient 
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.nd to gain motion is the goal of all forms 

zation is the raUon d'etre of massage ‘“.“'“"’f waste ol time, 
bone, and massage without movement >s a 

“Movement is iife” svas the maxim of A™ otic quo 
Championniere, and in the case of an '" “'f ^/J7t sdLates the 
doubt that movement is the means of V ‘ ® jucts o! in- 

circulation, aids in the absorption of edema o* P 
flammation, restores the llcxihility of the joints, free 
adhesions, overcomes atrophy and restores stren^h Det rm 
and persistence on the part of the patien in toovtog 
have been immobilized wll restore function however, 

fractures, even in the absence of medical ’ .55 the neccs- 

is the harder and longer way, and few . P . uy slower 

sary fortitude or can afford the loss of movement 

method of progress. In order to obtain the l>«t results 
should be employed scientifically from the very j^gtructures, 

due regard for the pathologic physiology of mju ea 
and when used in this way it affords the means of shorten g 
of convalescence and of improving the functional result, 

A great deal could be written on the subject of ’ ourpose 

has been considered in detail elsewhere in this to 

is merely to review the different forms of movement m reia . ^ 

treatment of fractures, hlovement may be divided j relaxed 

active and passive. Under passive motion are to be ^9”^* ^ sub* 
motion and forced motion. Under active motion are incluaea . 
divisions, muscle setting, free motion, assisted motion ana 
exercises. 


Passive Motion. — Before considering the use of passive 
■will first be necessary to define what is meant by this term. l 
movement is motion that is performed without either active n P ^ 
resistance from the patient’s muscles. It requires mental 
on the part of the patient in securing complete muscular -gd 

To obtain this cooperation, in the case of a patient with a jjg. 
extremity, is an art that requires the maximum of patience and 8®" 
ness on the part of the physical therapist. It is here that gentle 
ing massage has an important role in preparing the way and 
relaxation. Extreme gentleness is the sme qua non of success, i 
slightest jar or sudden movement will cause the patient’s muscles 
tighten, and harmful resistive motion will be substituted for bene- 
ficial, passive movement. 

It is this feature that accounts for the ill repute that has at times 
attached to passive motion. There are a number of surgeons wno 
can see nothing but danger in the^ use of passive motion and wno 
would abandon it altogether for active, voluntary motion. They claim 
that even at its best, it is likely to provoke resistance from tb® 
patient’s muscles and cause movement to take place at the seat oi 
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fracture instead of at the articulation; that it serves as an excuse for 
physicians to manipulate joints violently in pump-handle fashion, of 
which the harmful results have been frequently seen; and that the 
goal that is aimed at by passive motion can be obtained with much 
greater benefit to the patient from the use of active motion. Such 
criticisms are made %vithout knowledge of what passive movement is 
or of what it is intended to accomplish. I do not dispute the greater 
value of active movements when they can be performed, but I know 
that passive motion can be employed in patients with fractures when 
active motion would only be harmful. Passive motion is not advocated 
as a substitute for active movement, but only with the aim of getting 
movement started as early as possible, and of employing it to lead up to 
active movement just as massage leads up to passive motion. The 
criticism that passive motion is resisted by the patient’s muscles is 
made without proper understanding of the fact that passive motion is 
employed only with the patient’s muscles completely relaxed. Passive 
motion that is resisted by the patient is no longer passive motion, but 
resisted movement; and the physiotherapist who cannot distinguish 
between these two types of movement is not worthy of the name. Mr. 
Mennell of London * has suggested that the name relaxed motion be 
substituted for the term pasihe motion in order to promote better 
understanding of what it really is, and this change appears advan- 
tageous. Passive motion is undoubtedly subject to abuse just as are 
most procedures of medicine and surgery, but the remedy is proper 
instruction rather than complete abandonment of the method. 

Relaxed Motion . — Relaxed motion is employed in the treatment of 
fractures as the first effort at mobilization. In certain types of frac- 
tures that are attended by little danger of displacement of the frag- 
ments, it may be employed in conjunction with light stroking massage 
beginning immediately after injury. In other cases where the risk of 
displacement is greater, its use must be postponed until consolidation 
is sufficiently advanced to obviate this risk. It may be used frequently 
at an early period in conjunction with the traction-suspension treat- 
ment of fractures. As has been explained previously, it requires com- 
plete muscular relaxation on the part of the patient, and this is best 
induced by a preliminary treatment of light stroking massage lasting 
from ten to fifteen minutes. Relaxation can only be obtained when all 
of the preliminary treatment leading up to mobilization, including the 
removal of the splint, the handling of the limb and the massage, has 
been characterized by extreme gentleness. Never even for a moment 
should there be the slightest interruption of the physical therapist’s 
constant vigilance to avoid pain. The slightest sensation of pain will 
cause the patient’s muscles to listen and defeat the purpose of the 
treatment. 


The treatment should be given with the patient sitting or recum- 
bent, and with the part arranged in a position which permits relaxation 
and allows the physiotherapist to reach it in the most convenient 
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manner and to work at the utmost mechanical advantage. The patieut 
must at all times have a feeling of complete security. The amount oi 
motion to be administered is to be determined only by actual espen- 
ment. “Little but often” is the best principle. In the beginning the 
amplitude of the movement is less important than the fact that some 
movement is made. Even a little motion helps the circulation, promotes 
the absorption of exudate and keeps the joints supple. As the treatr^t 
proceeds, the range of movement can gradually be increased. The 
physical therapist’s finger tips must be sensitive to detect the slightest 
sign of muscular resistance, and this is to be interpreted as the si^ 
that the range of motion is exceeding the therapeutic limit. Preferably 
the motion should be performed with the joint semiflexed and win the 
neighboring joints in the positions that favor the freest motion, 
for example, dorsiflexion of the wrist for fie.xion and extension of the 
fingers, flexion of the elbow for supinatton of the forearm, ne.xion 
of the knee for dorsiflexion of the ankle, etc. Until healing is we 
advanced, the arc of relaxed movement should never exceed 


per cent of the normal range of joint motion. , 

The whole purpose of relaxed motion is to get movement styt^ 
when it cannot be performed in any other way. As consolidation of the 
fracture progresses, relaxed motion should shade off into one of the 
forms of assisted movement, and finally through this gradation to active 
exercise performed entirely by the patient. As soon as movement that 
could at first only be performed passively can be done by active 
contraction of the patient’s owm muscles, no further reason exists lor 
the use of passive motion, and this should be stopped. 

The movement should be made with the physical therapist support- 
ing the region of the fracture with one hand while supporting the 
weight of the limb with the other. All of the joints of the injured 
extremity should be moved in every direction of which they are ca- 
pable. In addition, the mobilization should extend to certain move- 
ments which are not a part of the regular joint motions although 
necessary to good function, such as lateral mobilization of the patella 
on the trochlea, which frees and relaxes the lateral expansions of the 
capsule and quadriceps muscle, and mobilization of the heads of the 
metatarsals or metacarpals both individually and in relation to each 
other, which maintains and restores the normal flexibility of the plantar 
and palmar arches. 

Forced Motion.— -ne only purpose of mentioning the forcible 
variety of paMive motion is to warn against its use for the treatment 
of fractures. T^o be of the truly passive type, forced motion roust he 
performed mlh the patient coinpietely anesthetized in order to obtain 
muscular relaxation. This is a dangerous procedure, as the pain reflen 
is abolished and the operator lacte Aat warning signal to indicate when 
structures are being injured. If forcible motion is made rvilh the 
patient awake it « resisted by his muscles and quickly degenerates 
into a strength test betucen patient and doctor, from which the latter 
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is likely to emerge the victor at the cost of considerable damage to the 
patient. Manipulators and bone setters have developed a certain skill 
in performing sudden forcible movements when the patient’s muscles 
are off guard, but such manipulations are but rarely indicated after 
fractures and expose the patient to more risk than gain. 

The only purpose of forced movements is to break up adhesions 
between muscles or to stretch a contracted joint capsule, and such 
conditions are best overcome by active and assisted exercises. The 
use of forcible manipulation after fractures is very likely to result in 
refracture or, failing this, may lead to the rupture of soft tissues with 
hemorrhage and the later development of an ossifying hematoma or 
ossifying myositis, examples of which have been seen all too frequently 
in the regions of the elbow. Under the best of circumstances, forced 
movements cause tissue damage with resulting pathologic changes that 
delay recovery and prevent the gain of motion, thus defeating the very 
end that is being sought. 

Active Mobilization, — Active motion may be subdivided into four 
classes or groups: muscle setting, free motion, assisted motion, re* 
sisted motion. 


Muscle Setting — Muscle setting is a muscle exercise rather than 
a motion, as it is not intended that it should be accompanied by any 
joint movement. It consists in teaching the patient actively to contract 
or tense certain muscles or muscle groups without producing movement. 
This produces an effect in maintaining the circulation and nervous 
control of the muscles and of counteracting atrophy. This exercise is 
of great value in the treatment of fractures, and since there is no 
accompanying movement, it may be performed from a very early 
period after injury, and even when the part is completely immobilized 
by splints. As the exercise takes very little time and is not attended 
by pain, it may be performed from 75 to 100 times a day divided in 
two or three sessions. 


Muscle setting is of the greatest value in maintaining the tone and 
suppleness of the quadriceps extensor muscles of the thigh, in the case 
of fractures involving the lower extremity. This muscle group deteri- 
orates rapidly with immobilization, and as it plays a vital role in con- 
trolling and stabilizing the knee joint, maintenance of its function is of 


great importance. When quadriceps-muscle setting has been employed 
systematically after a fracture of the lower extremity, the muscle 
recovers its strength and extensibility more quickly, and the function 
of the knee joint is also better. Muscle-setting exercises may Hkewse 
be employed in the case of the deltoid muscle, the flexor muscles of the 
elbow and the extensors of the foot. If the leg is incased in plaster 
the action of the extensor muscles can be much augmented by cuttinc 
out the portion of the splint covering the dorsum of the foot and ankle 
so as to permit a little ankle movement. Some individuals are much 
quicker than others in learning the trick of muscle setting, and much 
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patience and persistence may be required before satisfactory perform- 
ance of the exercise is obtained. The patient should be taught by first 
using the muscles of the uninjured side for demonstration purposes, 
and only when satisfactory control has been acquired here should 
he be permitted to proceed with the exercise on the injured side. 
The normal muscle thus always serves as a check or means of com- 
parison which the patient may use if any doubt e.xists as to whether 
he is performing the exercise properly. 


Free Movement. — One of the fundamental rules of any program 
of muscle training or reeducation is to avoid fatigue of weak muscles. 
When muscles have been weakened by Injury and long fixation, as in 
the case of patients with fractures, it is of the utmost importance to 
see that they are not required to do too much work when active exer- 
cises are first started. Overloading of the muscle must be avoided, lot 
either the muscle will become stretched and not respond satisfactorily, 
or else it will quickly become fatigued, and in cither case no real 
progress will be made toward building up its strength. For every 
movement there are always at least two antagonistic sets of muscles 
to be exercised, namely, the flexors and the extensors, and it is inr* 
portant to plan the exercises so that each group gets its fair share of 
work. Otherwise gravity conspires to assist one of the movements and 
to resist the other, with the result that one set of muscles does insuffi* 
cient work, while the other set does too much work. 

Free motion is planned to overcome this difficulty. It is movement 
that IS performed entirely fay the patient’s own muscles without assist- 
ance or resistance in either flexion or. extension. The influence of 
pavity upon the movement is eliminated as completely as possible 
by suj^orlmg the part on a smooth hard surface in such a position that 
both flexion and extension are performed in a plane horizontal to 
free flexion and extension of the elbow may 
patient sitting and the arm supported at 
tVh Z nrplm "“fface such as the top of a table. 

M in Contact with the surface 

during all stages of the movements. Or these exercises mav be given 
with the patient lying on the uninjured side and the elbow and fore- 
arm resting on the side of the chest Free =l,.i j of 

the shoulder are best perlormed ,riih f f 

back, the elbow fleaed acutely aTd .J. " 

posterior surface on a wide board with a poshed TurS" The ad- 
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manner, usually with the patient lying. In the case of the ankle, free 
movement may be obtained with the patient recumbent on his side and 
the lower leg and foot supported by a smoothly polished board on 
either the medial or lateral surfaces. Flexion and extension of the knee 
can be performed with the patient in the same position but with a 
broad board inserted between the legs, the injured extremity resting on 
its medial surface. Free motion of the hip in abduction and adduction 
is possible with the patient lying in a dorsal recumbent position. The 
nearest approximation to free motion of flexion and extension of the hip 
is obtained with the supporting board between the legs, shifted as high 
as possible into the perineum, and the patient lying on the uninjured 
side. 

Free motion has a definite place in the treatment of fractures It is 
chiefly indicated when the transition from passive to active move- 
ments is being made, at the time when healing has progressed to the 
point of consolidation but when the callus is still soft and requires pro- 
tection. The callus should not be subjected to the strain of bearing the 
unsupported weight of the distal part of the extremity, nor is the mus- 
cular strength sufficient as yet to perform this amount of work. Free 
motion provides support for both segments of the limb, protects the 
fracture, reduces the amount of work to be done by the muscles and at 
the same time permits active, voluntary movement. The technic of free 
motion is individual and fussy, however, and is not likely to be used by 
any except very skilled physical therapists. Practically speaking, exer- 
cises performed in the recumbent position accomplish the purpose of 
free motion, especially when supplemented by a little assisted move- 
ment, the weight of the extremity being supported by the physical 
therapist. 


Assisted Movement.— Assisted movement is the name used to 
designate motion that is performed by active contraction of the 
patient’s own muscles, but with outside assistance of one kind or 
another. The assistance given may vary, on the one hand, from gentle 
support of the weight of the limb by the physical therapist, with the 
purpose of producing an effect similar to that of free motion, to, on 
the other hand, the application of a considerable amount of force in 
trying to supplement and reenforce the patient’s oivn muscles in 
forcing a motion to overcome a contracture or to stretch fibrous ad- 
hesions. There is, of course, a great variation between these two 
extremes in the amount of force used, and any intermediate degree of 
assistance may be given as well. There is one common characteristic 
however, to all degrees and types of assisted motion, namely, that 
(he movement is always performed with the assistance of the patient’s 
own muscular efforts; never against it. This distinction is of funda- 
mental significance. If the patient’s muscles oppose instead of assist 
the movement, then it is no longer assisted but resisted motion and 
nothing but harm can result. Resistance is likely to be encountered 
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back, the elbow flexed acutely and the upper arm resting on vts 
posterior surface on a wde board with a polished surface. The au' 
vantages of free motion are exemplified in this movement particularly' 
Patients who are totally unable to abduct the shoulder when standing, 
which necessitates overcoming the force of gravity, can often perform 
this movement quite well when recumbent. Free motion of flexion and 
extension of the fingers and wrist may be performed with the patient 
cluing and the hand resting on its ulnar border on the top of a table. 

Free mov'cments of the lower extremity are performed in a stmnar 
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manner, usually with the patient lying. In the case of the ankle, free 
movement may be obtained with the patient recumbent on his side and 
the lower leg and foot supported by a smoothly polished board on 
either the medial or lateral surfaces. Flexion and extension of the knee 
can be performed with the patient in the same position but with a 
broad board inserted between the legs, the injured extremity resting on 
its medial surface. Free motion of the hip in abduction and adduction 
is possible with the patient lying in a dorsal recumbent position. The 
nearest approximation to free motion of flexion and extension of the hip 
is obtained with the supporting board bet^veen the legs, shifted as high 
as possible into the perineum, and the patient lying on the uninjured 
side. 

Free motion has a definite place in the treatment of fractures. It is 
chiefly indicated when the transition from passive to active move- 
ments is being made, at the time when healing has progressed to the 
point of consolidation but when the callus Is still soft and requires pro- 
tection. The callus should not be subjected to the strain of bearing the 
unsupported weight of the distal part of the extremity, nor is the mus- 
cular strength sufficient as yet to perform this amount of work. Free 
motion provides support for both segments of the limb, protects the 
fracture, reduces the amount of work to be done by the muscles and at 
the same time permits active, voluntary movement. The technic of free 
motion is individual and fussy, however, and is not likely to be used by 
any except very skilled physical therapists. Practically speaking, exer- 
cises performed in the recumbent position accomplish the purpose of 
free motion, especially when supplemented by a little assisted move- 
ment, the weight of the extremity being supported by the physical 
therapist. 

Assisted Movement. — Assisted movement is the name used to 
designate motion that is performed by active contraction of the 
patient’s own muscles, but with outside assistance of one kind or 
another. The assistance given may vary, on the one hand, from gentle 
support of the weight of the limb by the physical therapist, with the 
purpose of producing an effect similar to that of free motion, to, on 
the other hand, the application of a considerable amount of force in 
tr>'ing to supplement and reenforce the patient’s own muscles in 
forcing a motion to overcome a contracture or to stretch fibrous ad- 
hesions. There is, of course, a great variation between these two 
extremes in the amount of force used, and any intermediate degree of 
assistance may be given as well. There is one common characteristic, 
however, to all degrees and types of assisted motion, namely, that 
the movement is always performed with the assistance of the patient’s 
own muscular efforts; never against it. This distinction is of funda- 
mental significance. If the patient’s muscles oppose instead of assist 
the movement, then it is no longer assisted but resisted motion, and 
nothing but harm can result. Resistance is likely to be encountered 
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patience and persistence may be required before satisfactory perform* 
ance of the exercise is obtained. The patient should be taught by first 
using the muscles of the uninjured side for demonstration purposes, 
and only when satisfactory control has been acquired here shouW 
he be permitted to proceed with the exercise on the injured side. 
The normal muscle thus always serves as a check or means of com- 
parison which the patient may use if any doubt exists as to whether 
he is performing the exercise properly. 


Free MovprENT.—One of the fundamental rules of any program 
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movement there are always at least two antagonistic sets of muscles 
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when 2 vtry considerable amplitude of movement is present in the 
Joist 'wHch is both free and painless. Tfce second method of employ* 
ing resisted mo\-ement may be used at a much earlier stage in the 
treatment of a fracture, at the time when union is becoming firm and 
it is desired to begin active contraction of the patient’s muscles. It 
utilizes the prindple that it is easier for a patient to contract a muscle 
and resist mo\-ement than it is actually to perform the mos-ement. It 
takes advantage of the reflex mechanism controlling the action of 
anta?oai5tic muscle groups when motion is performed. The opposing 
muscle contracts only to play out slack as the movement progresses. 
This tjpe of resisted motion helps to reeducate the patient's muscle 
sense and to re«tablish voluntaiy muscular control which has been 
lost as the result of injure* or of prolonged disuse. 

Resisted c.xerdse3 may also be given very usefully with the aid 
of apparatus, the purpose here being to increase the amount of work 
done bj' certain muscles. IMiile the distinction between assisted and 
resisted motion is a fundamental one and needs to be maintained, it 
breaks down and becomes of little practical importance when apparatus 
is employed. Thus, a patient who practices fle.xion and e.xtension of 
the elbow with the aid of a pulley e.xerdser performs resisted move- 
ments in fle.Tion and assisted movements in e.xtension. Similarly, when 
be exercises with a dumb-bell or Indian club, he does resist^ work 
when raising the club in the air, and assisted work when the club is 
descending in the return motion. Riding on a stationar\‘ bicycle In- 
volves both resistive and assistive exerdse. Actually, this makes little 
difference in the late stages of fracture treatment so long as the fact 
15 recognized and steps are taken to reverse the position and insure 
that the muscles that previously had assisted movement are now given 
resisted movement, while assistance is given to the muscles that pre- 
dously worked against resistance. 


The Application of Heat. — The application of heat is useful in 
the treatment of fractures under certain conditions, but almost ahv.ays 
in conjunction with massage and mobilization; alone it has little thera- 
peutic effect. The rationale of the use of heat in any of its forms is 
the temporary production of a vascular dilatation in the part and a 
more rapid and abundant circulation of blood. In addition, heal has 
a definite soothing effect upon pain, the mechanism of which is not 
clear. The vascular changes resulting from the application of heat are 
probably more superficial than deep and also too transient to be able 
to influence the reparative process or to benefit fracture healing. On 
the other hand, the vasodilatation lasts long enough to permit mass.age 
and mobilization to profit from the greater vascularity in improving 
tissue nutnti^ and getting rid of the accumulated waste products of 
metabolism. Tbe soothing and relaxing effects of heat are also benc- 
hcial as a prebminary to massage and mobilization, and their value 
has been established by clinical experience. 
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only when the joint is sensitive and the movement painful, and move- 
ment should never be forced under swch circumstances. Here, just as 
in the case of relaxed motion, thorough preparation is necessary, by 
means of gentle massage to obtain muscular relaxation, and by a 
faultless technic on the part of the physical therapist in handling the 
limb so as to avoid pain, which inspires confidence in the patient. 

Assisted motion may be given by the manual aid of the physical 
therapist, or apparatus may be employed such as the cord, weight and 
pulley, a rod or dumb-bells. Assisted motion offers great play for the 
inventive power of the physical therapist. A variety of procedures may 
be devised to accomplish a given purpose, and these have to be adapted 
to the needs and psychology of the patient. Benefit often results from 
teaching the patient to assist and reenforce his own muscular move- 
ment. Thus he may assist supination of an injured forearm hy 
ing the wrist Avith the other hand; he may aid flexion of the hip yy 
lying on his back, clasping bis ilexed knee with both arms and hug^ng 
the hip into extreme flexion; he may aid abduction of the shoulder 
by grasping the ends of a wooden rod with both hands, the arms faoog 
by the side, and, by a movement of adduction of the unitijuteo 
shoulder, push the injured arm in the lateral plane away froni tfl 
body, and he may use the body weight to assist in flexing the kuee 
by standing, holding on to the b.ick of a chair, bending the knees aafl 
squatting down as far as possible on the heels. In general, apparatus 
is of use only in direct proportion to the intelligence and determinatipa 
the patient, and it is preferable whenever possible to devu 
methods of play or of work that will accomplish the same end and w 
more valuable because of the added element of interest. The latter 
method has the further advantage of teaching the patient to rely upon 
his o^vn efforts and of stimulating his own initiative. 

Gentle assisted motion is given in the early stage of fracture treat- 
ment in order to enable the patient to accomplish more than he could 
otherwise do by his own efforts. In the late stages of fracture treab 
merit, strong assisted motion may be employed to overcome jvrascle 
contractures and scar adhesions in order to increase the amplitude 
movement. 


Resisted MoVEMENT.-Resfeted exercises are intended to build up 
strength m weak muscles ^ increasing the amount of work to be done. 
They may be performed in one of two ways: either by requiring 
pauent to perform a movement which is resisted mLually by 
physical therapist or by the physical therapist making the joint P«- 
form a movement which is resisted by the patient. The first method 
is to be employed only in the late stages of fracture treatment, when 
dealing with muscles whose strength is already so far developed that 
they should be required to do tnore work than that represented by lift- 
ing the weight of the extremity and overcoming gravity It should 
only be used when there is no longer any danger of refracture and 
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during the period of sensitiveness and should be discontinued when 
function begins to return and active use is possible, or at a much earlier 
period if the patient does not seem to be making sufficient effort on his 
own part for progress. 

Continuous baking at a low heat is occasionally indicated in the 
treatment of fresh fractures when the circulation of the extremity is 
imperiled by vascular injury. The vasodilatation may enable enough 
additional blood supply to get through to maintain viability, pending 
the establishment of an adequate collateral circulation. 

Hot Baths. — ^The warm whirlpool bath is the only form of hot 
bath that should be used by the physical therapist in the treatment of 
fractures. Its effects are obtained by the combination of heat and 
gentle superficial massage, the latter being provided by the whirling 
currents. Such baths are stimulating to the circulation and are useful 
in improving nutrition and, when combined with active exercises per- 
formed while in the bath, help in overcoming stiffness and in restoring 
function after fractures involving the distal portions of the extremities. 
Obviously they are only indicated when union is sufficiently solid to 
permit the removal of all splints with safety. 

The hot bath or soak is a form of home therapy that is frequently 
prescribed for the general purpose of overcoming sensitiveness and 
encouraging the patient to move the part. Danger lies in the fact that it 
is often overdone, and the prolonged soaking with the part dependent 
favors the accumulation of edema. Contrast bathing with alternate 
soaking in hot water for one to two minutes followed by rapid immer- 
sion. under cold, running water is a much more valuable form of home 
therapy, useful because, in the words of Sir Robert Jones,-® it provides 
an exercise for the blood vessels of alternating vasodilatation and vaso- 
constriction and thus stimulates better vasomotor tone and counter- 
acts any tendency for the accumulation of edema. Neither the hot 
nor the contrast bath should be given by the physical therapist, as 
both can be done with equal effectiveness and much greater economy 
at home. 


DiATHERsrv. — Diathermy has never been shown to have any specific 
action beyond that of producing heat centrally in the tissues. Its 
soothing effect upon pain is therefore to be explained as the action of 
heat. In contrast, however, with external heat that penetrates only 
superficially, diathermy may at least in theory be focused so as to 
produce heat at any depth in the tissues. Thus it is possible to generate 
heat in the region of the fracture, and it appears plausible that the 
resulting hyperemia in and about the callus may be favorable to the 
deposition of calcium salts and hasten consolidation when it is beine 
delayed by other than mechanical causes. Granger =* has reoorted 
good results from the use of diathermy in delayed union, but his 
conclusions ivere based on the clinical observation of only a small 
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The use of heat, however, has been subjected to greater abuse prob- 
ably than that of any other agency of physLcal therapy- To turn (m a 
radiant heat lamp or an electric baker is easy and keeps the patient 
occupied, and the period of rest and relaxation under the soothing heat 
rays is the part of the treatment that the patient enjoys the most. If 
any part of the treatment is to be discontinued, he will willingly forego 
the part of the program that involves actual work but will want to 
retain the use of heat until the last. In consequence it often happens 
that heat treatments arc continued for long periods after they have 
ceased to be beneficial and often at the expense of activ'C mobilization, 
the patient being lulled into a state of false contentment based upon 
the supposition that the treatment he is receiving will be the means 
of restoring function without any active effort on his part. 

Not only may the use of heat be harmful in placing emphasis upon 
the least beneficial part of the treatment, but its prolonged use may 
be actually injurious to the tissues and result in pathologic instead 
of physiologic effect. Examples of the latter are unfortunately en- 
countered all too frequently. The appearance of a part that has been 
exposed to too much heat is characteristic, and the entire story is re- 
vealed at the first glance. The skin of the region that has been treated 
is mottled and irregularly pigmented. The superficial tissues are hard 
and indurated to the touch. If the area Is part of an extremity, the 
distal portion is usually edematous and boggy. I have had occasion 
to make incisions through such areas and have found the skin leathery 
and gt^nUy thickened, and the underlying tissues avascular and 
fibrosed. The prolonged use of heat, therefore defeats its own object 
and hinders recovery of function. It should be used only for a definite 
purpose and over a short period; when that purpose has been attained? 
It should be discontinued. It should never be employed in conditions 
injury when there is the slightest disturbance of cutaneous 
sensibility. In such cases, burns are likely to occur in spite of the 
greatest care and the only safe rule is not to use it at all. 

Heat may be employed m different ways for the treatment of frac- 
tures, but the more important are radiant heat, hot baths and di- 
athermy. * 

Radiant Heat.— T he most convenient and generally used method 

u f STr® Th. is the dectric radiad 

heat baker. The single radiant heat lamp is much less effective and 
more t.me-consummg Electric baking is indicated in the early con- 
valescent stage of fracture treatment as a preUminarv to massase and 
mobiliaation. All splints should be removed, the part placed in » 
comiortabie position securely supported by pillo.vr"nd sand bags 
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on the lookout for unexpected developments. Any unfavorable sign 
should be reported immediately. 

The surgeon should personally administer such physical therapy as 
is indicated in the early stage of fracture treatment. As long as there 
is danger of displacement of the fragments, and careful handling of 
the part and skillful management of the splints are required, it is 
obviously unwise to delegate the treatment to a technician. It is only 
when the consolidation of the fracture is sufficiently advanced to 
reduce the risk of displacement and of other complications to the 
minimum that the services of the assistant may be employed. The 
surgeon should continue to see the patient as frequently as necessary 
in order to observe the effects of the treatment, to make such changes 
in the treatment as are from time to time indicated and to see that 


the patient is receiving adequate benefit from the treatment. Frequent 
consultations between the physical therapeutic technician and the 
doctor, with the patient present, are necessary to avoid misunder- 
standings and insure progress. 

A great deal of responsibility devolves upon the technician in treat- 
ing fractures. She must always bear in mind that the treatment is 
fraught with danger and that excess of zeal may result in harm. She 
should keep a careful record of progress in each case, measuring and 
recording the range of motion with the arthrometer. Impressions of 
the range of motion are always unreliable. Accurate records of the arcs 
of motion are of great importance, not only in showing whether or not 
treatment is beneficial and progress is being made, but also in encourag- 
ing the patient and in giving him confidence that his treatment is 
being properly controlled. The technician must also remember that 
while she has certain technical duties to perform as an operator, her 
chief function should always be that of a teacher. It should be her 
objective to educate the patient to an understanding of the relative 
importance of what is done for him and of what he does for himself, 
and of the greater value of the latter. When the proper moTnent 
arrives she must emphasize the importance of active use and encourage 
it in every way. She should follow a consistent policy of not helping 
the patient any more than is absolutely necessary, as, for example in 
seeing that the patient removes and puts on his clothing without 
assistance. The performance of little tasks in connection with the toilet 
the meals or certain household duties should be encouraged. At the 
same time the kind of physical treatment given the patient should 
reflect the gain in functional ability and should contain a large 
amount of active, voluntary work. 


While active use of the part is the goal, it must be remembered that 
this is dangerous at an early stage because it cannot be graduated or 
controlled. The principle of treatment that should always be followed 
in building up strength in weak muscles is to keep the amount of work 
done below the fatigue point. When a weak muscle is required to do 
too much work or becomes overstretched, it is likely to play out for a 
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group of treated cases, and it is diffiailt to prove that this was the 
factor that accomplished the resuU instead of other factors that were 
likewise concerned. The action of diathermy in stimulating consoli- 
dation of a fracture must be regarded as distinctly sub judkt until 
additional evidence has been obtained. In the meantime, if the effect 
of diathermy is to be tried in cases of delayed union, it will be advis- 
able to limit its use to those fractures where no mechanical causes 
exist to account for the retarded healing, such as interposition of tissue 
between the fragments or lack of proper reduction, and also to use 
it not later than three to four months after the inju^. Beyond this 
period the local situation in respect to callus formation has becoine 
so static that it is impossible to see how heat or hyperemia woula 
be of any assistance. Immobilization of the fracture should not be db- 
continued during the period of treatment by diathermy, even though 
the presence of the splints interferes somewhat with the most 
localization of the effect at the desired point. Granger solved tws 
problem by cutting out windows in the plaster casings on oppose® 
sides at the level of the fracture and applied the electrodes here- 
in other cases, one electrode was placed on the extremity proxinwi 
to the cast or splint, while the other was placed directly over tae 
fracture. The treatments should not be given more frequently than oa 
alternate days, and the duration should be about twenty minutes. B 
any effect is to be obtained from diathermy it should become manlier 
in four to six weeks, and there seems to be no reason to prolong the 
treatment over a period of more than one month. 

Aside froni Its purely experimental use In delayed union, the writ« 
is unable to find any other condition in fractures where diathermy 
indicated which cannot be treated just as well, if not better, by t“« 
application of external heat in one or another form. In fact, a moK 
extensive and superficial type of heat effect is to be desired as a pfC" 
limmary to massage and mobilization than the deep localized hezl 
effect of diathermy. 


The Technician and Muscle Reeducation with Reference 
TO Fractuee Treatment 

The administration of physical treatment for fractures is time-con- 
suming, hence if it is to be employed efficiently and economically- 
resort must be had at certain times to the aid of trained technicians. 
To secure proper treatment requites the closest cooperation between 
the surgeon and the physical therapeutic technician. They are the two 
parts of a team, and the more harmonious the teamwork the greater 
the benefit to the patient. Both have their own oarticular sriieres, 
but each can reenforce the other’s efforts. The su?ge™ is in charge 
and rniist assume the responsibility of directing thf treatment. The 
technicians chief task is to arry out the doctor’s orders but at the 
same time she should carefully observe the patient’s reactions and be 
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has reached the maximum of improvement, but should be taken much 
earlier at the time when the patient has developed enough motion and 
confidence to really go ahead and use the part. From this point, im- 
provement is chiefly a matter of time with an occasional check-up 
and encouragement by the physician. 

The Treatment of Fractures in Specific Regions 


FRACTURES OF THE UPPER EXTREMITY 


Analysis of the function of the upper extremity shows that it is 
specialized and quite different from that of the lower extremity. 
Freedom of movement and well coordinated muscular activity are the 
chief requirements. \\TiiIe powerful muscular contractions may be 
required in the performance of many tasks, such efforts are rarely 
long sustained, and the characteristic activity is intermittent with 
alternating periods of work and rest. This is in marked contrast with 
the function of the legs, where the task of bearing the body weight 
in standing and walking necessitates prolonged effort. Likewise the 
arms are used chiefly in lifting, pulling, pushing or twisting, and the 
strain is one of leverage instead of end-thrust as in the case of the legs. 

All function of the upper extremity centers about and is subservient 
to that of the hand. The hand is the tool, and the forearm and upper 
arm, together with the various articulations, are merely the levers and 
gears that adapt the tool to its tasks and apply the power, and provide 
the means of movement. The usefulness of the upper extremity de- 
pends upon maintaining the delicate and multiple activities of the 
fingers and thumb. If these are lost, the result is almost as unfortunate 
as if the extremity were amputated. 

The treatment of fractures of the upper extremity must therefore 
be directed with the constant consideration of the necessity of preserv- 
ing the mobility of the articulations and the suppleness of the muscles. 
In case of conflicting indications In the treatment of a patient, one 
should usually adopt the course that favors the retention of the greater 
amount of movement even if it is at the cost of a slight sacrifice of 
alignment. Alteration of bony alignment in the upper extremity, while 
undesirable and unestlietic, has little functional significance unless 
because of proximity to or involvement of a joint it causes limitation 
of motion. Angular deformity does not have the same repercussions 
upon the articulations as in the case of the legs where, due to the 
weight-bearing function, it almost always results in joint strain and 
irritation. But above all, the motions and control of the fingers and 
thumb must be preserved. 


Because of the need of preserving movement and control physical 
therapy is called upon to play a prominent part in the treatment of 
fractures of the upper extremity. Early massage and mobilization may 
be employed by the surgeon under almost ideal conditions in many of 
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considerable period of time. Hence, a weak muscle should always ^ 
employed in a partially shortened position, and the arnplitude of the 
movement should be increased only proportionately with the gain m 
power of the muscle. Herein lies the danger of uncontrolled active 
use of a part at a time when the muscles are still weak from injury 
and lack of use. The patients fail to progress and complain of pain, 
and examination shows a decrease rather than a gain in movement. 
The remedy here is to rest the muscle, not to exercise it more. 

All of the various types of motion that have been previously de- 
scribed blend into each other more or less so far as their use is con- 
cerned. There is no one moment when one should change from passive 
to assisted motion, or from the latter to resisted movement or to active 
use. On the contrary, the use of the different kinds of motion should 
overlap and the transition from one kind to the other be made gradu- 
ally. In general, one should begin with muscle setting and a Imie 
passive motion as early as possible. As soon as the consolidation o! tne 
fracture permits, the passive movements should be supplemented by 
a little gentle assisted motion or free motion. A short session of re- 
sisted exercise, with the patient resisting and the physical therapist 
making the movement, will aid in establishing the control of the muscles 
and prepare^ the way for gentle assisted movements. As quickly as 
possible, active exercises with and against gravity should be added an 
the frequency and amplitude of the movements increased. Finally, 
when active use of the part has been permitted, resisted exercises 
should be employed with the patient performing the movement resistea 
by the physical therapist, and forced assisted movements should be 
added to attain the last degrees of joint motion. . , 

When the stage of treatment has been reached when all splints an 
apparatus have been discarded, the general purpose of the treatment 
should be to show the patient exercises that he is to perform at home 
systematically, and to reserve the balance of the session for doing 
things that the patient cannot do as well by himself Active exercises 
can often be done better if performed simultaneously with both ex- 
tremities arid, for this reason, many of them should be performed, 
using both side^ Means of using the injured part should be suggested 
to the patient. For example, in the case of the upper extremity, dish- 
washing, sweeping witing, sewing, typing or driving a motor car may 
be advised. For the lower extremity, walking, gardening and working 
the pedal of a sewing machine, jig saw or bkycle prwide valuable 
percise. Games may be suggested, such as golf, swimming, or play 
mg various musical mstrumeuts that will exercise the part 

In the early stages of fracture treatment, physical therapy should 
be employed at fairly frequent intervals. Treatmaits given every other 
day are usually fully as saUsfactory and obtain as rapid progress as 
daily ‘^datments. As stren^^ and movement improve, the sessions 
should be drownd down “> tmee a week, then once a week and finally 
discontinued. This latter action should not be delayed until the patient 
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has reached the maximum of improvement, but should be taken much 
earlier at the time when the patient has developed enough motion and 
confidence to really go ahead and use the part. From this point, im- 
provement is chiefly a matter of time with an occasional check-up 
and encouragement by the physician- 

The Treatment of Fractures in Specific Regions 


FRACTURES OF THE UPPER EXTREMITY 


Analysis of the function of the upper extremity shows that it is 
specialized and quite different from that of the lower extremity. 
Freedom of movement and well coordinated muscular activity are the 
chief requirements. While powerful muscular contractions may be 
required in the performance of many tasks, such efforts are rarely 
long sustained, and the characteristic activity is intermittent with 
alternating periods of work and rest. This is in marked contrast with 
the function of the le^, where the task of bearing the body weight 
in standing and walking necessitates prolonged effort. Likeivise the 
arms are used chiefly in lifting, pulling, pushing or twisting, and the 
s* ' •” '.If i-thrust as in the case of the legs. 

. • • centers about and is subservient 

t ■ . tool, and the forearm and upper 

arm, together with the various articulations, are merely the levers and 
gears that adapt the tool to its tasks and apply the powder, and provide 
the means of movement. The usefulness of the upper e.\tremity de- 
pends upon maintaining the delicate and multiple activities of the 
fingers and thumb. If these are lost, the result is almost as unfortunate 
as if the extremity were amputated. 

The treatment of fractures of the upper extremity must therefore 
be directed with the constant consideration of the necessity of preserv- 
ing the mobility of the articulations and the suppleness of the muscles. 
In case of conflicting indications in the treatment of a patient, one 
should usually adopt the course that favors the retention of the greater 
amount of movement even if it is at the cost of a slight sacrifice of 
alignment. Alteration of bony alignment in the upper extremity while 
undesirable and unesthetic, has little functional significance unless 
because of proximity to or involvement of a joint it causes limitation 
of motion. Angular deformity does not have the same repercussions 
upon the articulations as in the case of the legs where, due to the 
weight-bearing function, it almost always results in joint strain and 
irritation. But above all, the motions and control of the fingers and 
thumb must be preserved. ® 


Because of the need of preserving movement and control, physical 
therapy is called upon to play a prominent part in the treatment ot 
fractures oi the upper extremity. Early massage and mobilization may 
be employed by the surgeon under almost ideal conditions in many of 
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these fractures, particularly those of the phalanges, lower end of the 
radius, shaft of the humerus and upper end of the humerus. This treat- 
ment must be preceded by proper reduction of the fracture, and com- 
bined with adequate protection. WTien properly employed, physical 
therapy will sometimes determine the difference between a good and a 
bad result. In seeking to bring about functional recovery after a 
fracture of the upper extremity, it is of the greatest importance to 
regard the limb as a whole and to avoid focusing the attention only 
upon the region immediately adjacent to the injury. Stiffness oi the 
fingers and hand with loss of function may well follow an injury 
involving a region as remote as the shoulder, and stiffness in the region 
of the shoulder may be the consequence of an injury affecting the 
wrist. In the application of physical therapy it is therefore important 
to treat all the joints and muscles, and to restore all motions. It is also 
necessary to inspire the patient with the will to work. No amount ol 
physical therapy wll make up for the persistent avoidance of move- 
ment by the patient. In personally administering massage and 
izalion in the early stage of treatment, the surgeon has an unequaliw 
opportunity for impressing upon the patient the importance of move* 
ment in reestablishing function and the necessity for active cohpera* 
tion on his part. If the surgeon fully capitalizes this opportunity* s 
large part of the disabilities due to stiffness of the fingers and other 
joints win be avoided. 

Fractures of the Hand.- — ^Fractures of the region of the hand in* 
elude injuries of the phalanges and metacarpals. These injuries, un- 
fortunately, are commonly considered minor and are often treated by 
physicians of little experience, whereas actually they represent prob- 
lems of iht first magnitude and demand the highest skill in their 
solution. Frequently multiple and involving the bones of several fingers 
as well as of the hand, the results are often distressing and necessitate 
the later amputation of one or more digits in order to get rid of an 
impediment to the function of the remaining fingers. The common 
causes of failure, m so far as they may be ascribed to treatment, are 
incomplete reduction, too long fixation and lack of physiotherapeutic 
reeducation of the patient. 


PHALANGEAL FEACTUKs.-PhalangwI fractures if accompanied by 

bony deformity require immediate reduction and splinting. Alignment 
IS usually best mamtmned with the joints fixed in flexion. This posi- 
tion overcomes delorraing muscle pulls, and likeivise favors the re- 
covery oi motion. Traction must frequently be annlied either by means 
of adhesive plaster applied to the skin or by a needle or wire passed 
through a phalanx Constant traction is usually secured in combina- 
tion mth some form of the banjo splint Many of these fractures are 
compound rnth extensive injury „t ,i,e je„dons and soft tissues, and 
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inevitably result in joint stiffness due to adhesion of the tendons in 
spite of the best treatment. 

The point of chief importance in the treatment of these injuries 
after securing reduction is to reduce fixation to the minimum. Union 
develops rapidly, and at the end of two weeks there is very little risk 
of displacement. Physical therapy may be started at the end of one to 
two weeks, depending upon the nature of the injury, the splints being 
removed temporarily for treatment. In fractures mthout deformity it 
may be employed from the beginning. All splints should be removed 
at the end of three w’eeks and active movement and light use per- 
mitted. 

Physical therapy should consist of the warm whirlpool bath, fol- 
lowed by superficial massage and relaxed motion of all the digits. The 
uninjured fingers should receive treatment as well as the injured ones. 
Active motion wth the injured phalanx supported manually should 
follow with movement through as great an arc as possible. The move- 
ments should be performed individually for each of the joints. The 
treatments should be repeated dally for the first week or two, and 
thereafter on alternate days. At the end of three to four weeks only 
active or assisted movements should be made, and thereafter chief 
reliance should be placed upon supervised active use. Contrast bathing 
of the hand at home is also useful. The patient should be given exer- 
cises of squeezing a rubber or woolen ball, and shifted gradually into 
playing scales on the piano, tj^ing and other kindred activities. 
Physical therapy after five weeks is usually a waste of time. 


Metacarpal Fractures. — Fractures involving the shafts of the 
metacarpal bones in contrast to those of the phalanges rarely give rise 
to functional impairment. They are usually accompanied by posterior 
angulation or bowing and by dropping of the knuckle. This deformity 
may usually be corrected by flexion of the metacarpophalangeal joints 
to relax the pull of the volar interossei muscles and by pressure from 
the palmar side against the head of the metacarpal. These indications 
are met by flexing the fingers over a molded splint or roller bandage 
and fixing them in this position. Fixation must usually be maintained 
for about three weeks. As a rule, there is little difficulty in the recovery 
of finger function, and formal physical therapy is rarely needed. Con- 
trast bathing at home, active exercises and use are generally adequate. 

Fractures of the heads of the metacarpals and multiple fractures 
of the phalanges and metacarpals are much more serious and fre- 
quently require constant traction for the correction of deformity 
accomplished usually by some form of the banjo splint. This treat- 
ment is dangerous from the functional standpoint and may lead to 
stiffness, in comparison with which a little bony deformity inav seem 
of slight importance. The stave fracture of the proximal end of the 
metacarpa of the thumb, usually designated as Bennett’s fracture, is 
iikewise of functional significance because it implicates the joint and 
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some iorm oi suitable occupational therapy should be gg^ patterns, 
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Fractures oE the Carpal Bones.— The most of the 

the carpal bones are fracture of the scaphoid tw'o Itistances 

semilunar. These may occur separately or in combmauw. 
of fracture of the other carpal bones are t’ccasionally sw , ^ 

lesions are rare and not typical. The principles treatmen gjg; 

. ,„..u 1 ^r-:tures are, first, early tlia^ , 

. • ' ' ■ • splacement when ’toted 

and protection of the It 

region. Physical therapy is usually contraindicated. 


Fractures of the Scaphoid. — The common injury of the . 

bone is a transverse fracture through the “waist,” usually 
dated with much separation or displacement of the fragments e. 
when accompanied by dislocation of the semilunar bone, in jov? 

the distal fragment is displaced posteriorly along with the disim 
of the carpus and comes to lie in a dorsal relation to the pmx 
fragment and the semilunar. «twr 

Fractures of the scaphoid bone constitute a class apart from o 
bony injuries because of their notorious tendency to nonunion. -HJ 
is due to the fact that the blood supply to one of the flagmen » 
usually the proximal, is shut off and that bony union can only 
brought about by the ingrowth of capillaries from the viable ims* 
menl and creeping substitution of the dead bone by living bone, 
closest approximation of the fractured surfaces and avoidance of 3 
motion between the fragments are the necessary conditions for tn 
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completion of this process. The anatomic studies of Berlin showed 
that the fragments were brought into closest apposition when the wrist 
was placed in a position of 45 degrees dorsiflexion with radial devia- 
tion. Fixation of the wrist in this position should be secured by the 
application of plaster splints extending from below the elbow to the 
metacarpophalangeal joints and including the first phalanx of the 
thumb. A policy of complete immobilization of the wrist should be 
followed for a period of six weeks. 

When fractures of the scaphoid are subjected to movement the 
result is almost invariably nonunion. For this reason physical therapy 
is completely contraindicated until after the splints have been re- 
moved. During the period of complete fixation of the wrist, the fingers 
may be used in so far as permitted by the splints, and many tasks of 
a light nature may be performed with benefit in respect to the main- 
tenance of finger flexibility. Following the removal of the splints, it 
is advisable for the patient to wear a steel reenforced leather brace 
extending from the metacarpophalangeal joints to the middle of the 
forearm but leaving the fingers and thumb free. This may be removed 
daily for contrast bathing and active exercises of the wrist in flexion 
and extension and of pronation and supination of the forearm. Above 
all, active use of the hand for all tasks wth the brace in place should 
be urged. This is the best form of physical therapy, and many patients 
have been able to resume their regular work, often of a heavy nature, 
without being handicapped by the brace. The brace can usually be 
discontinued at the end of three months, and at this time there is 
generally complete restoration of function. 


Dislocation of the Semilunar Bone. — While it is our purpose 
to consider in this chapter fractures rather than dislocations, an- 
terior luxation of the semilunar bone requires mention because of its 
frequent association with fracture of the scaphoid. The treatment of 
isolated dislocation of the semilunar bone is reduction by either the 
closed or open method as soon as possible after the diagnosis has 
been made. ^Mien the patient is seen early, that is, within three or 
four days of injury, reduction can usually be accomplished by the 
closed method. When seen later, reduction can usually only be brought 
about by open operation. When the patient is not seen until three or 
four weeks after the injury, it is usually advisable to excise rather 
than to replace the dislocated bone. 


Following reduction by either the closed or open method, the wrist 
is splinted in a position of dorsiflexion for a period of about four 
weeks, but the fingers and thumb are left free. During this period 
active use of the fingers and thumb should be urged for all tasks and 
if full cooperation is obtained, the patient will appear to be handi- 
capped very little by the presence of the splints. Due attention should 
a so be pa.d to the prevention of stiffness in the elbow and shoulder 
Upon removal of the sphnts, function of the wrist is usually quickly 
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reestablished by active use supplemented by contrast bathing and 
active exercises performed at home. As a rule, there is little need of 
formal physical therapy administered by a technician except in tbe 
case of long-standing dislocations when the displaced semilunar must 
be excised. In such cases there is apt to be considerable stiffness of 
the wrist and fingers associated with pain, and these conditions can 
be ameliorated by whirlpool baths, massage, and active and passive 
exercises, beginning as soon as the healing of the operative wound 
permits. 

When dislocation oT the semilunar is associated with fracture of the 
scaphoid, reduction should be brought about by the closed method, 
and the after-treatment differs in no way from that of isolated fracture 
of the scaphoid. 


Fractures of the Lower End of the Radius. — Fractures of the 
lower end of the radius arc, with the exception of fractures of the 
clavicle, the most frequently encountered of all bony injuries and 
constitute a large and important group of fractures. Included in the 
Qre several different types of fracture which may be differen- 
tiated both on an anatomic and mechanistic basis, but it is not within 
the scope of this chapter to deal with each of these separately. By far 
the most cotnmon type of fracture is that produced by a fall on the 
outstretched hand with the wrist in the position of dorsiflexion, or by a 
blow on the palrn as from backfiring while cranking a gasoline motor, 
the wrist being in the same position. This fracture mechanism was 
n Colles^* and is usually knowm by his name. 

Our discussion will be limited to a consideration of the physical treat- 
ment ot Colies fracture and also of the fractures of the lower radial 
epiphysis, likewise an important group. 

i /mcturc wc mean to des- 

ignate Irautmres through the lower cancellous end of the radius pro- 
duced mth the wrist in hyperextension. The pathology of this fracture 

' non on description here beyond calling 

attent on to the fact that u may be transverse and not involve the 
articular surface, or comminuted with extensive involvement of the 

nf'the'^r'^' n’ .“'“■■‘•'"S to Darrach, is present in about 
one-third of the cases. Deformity may be absent but is cenerally pres- 
ent and oltcn to an extreme degree It rm.i.t ' uiLlace- 

ment of the distal fragment wS S r.hfsam “ 

and distally. The distal fragment is also rotated in the direction ol 
supination on the long axis of the radii.. -nK a- . . t the 

di tal fragment causes disruption of to Ucula 

tion, with cither the tearing of the trfalm'f 

tore of the ulnar styloid to which it is attached Twftaes °to dWat 
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fragment from the head of the ulna, and the latter is left projecting on 
the volar surface of the wrist. 

The treatment of this fracture involves two problems, first, that of 
correction of the bony deformity, and second, that of obtaining func- 
tional restoration. The solution of these problems is by no means 
identical, and demands not one but two answers. It does not follow 
that because bony deformity is corrected functional recovery will be 
the natural sequence, nor, on the other hand, can it be predicted that 
a fracture with uncorrected bony deformity will not in the end provide 
a strong and useful wrist. Anatomic restoration is the proper founda- 
tion for functional recovery, but it is necessary to work for the latter, 
not to wait for it. 

Correction of displacement is of fundamental importance in the 
treatment of these injuries and should be brought about by the closed 
manipulative method under local or general anesthesia as soon as 
possible after the injury. Impaction should be broken up, the distal 
fragment pushed forward into normal relation with the head of the 
ulna, and the backward tilting and rotation corrected, Reduction 
should be maintained by the application of retentive splints. These 
should extend (com the metacarpophalangeal joints to the upper fore- 
arm, leaving the thumb and fingers free for all movements. In this 
connection it is important to realize that the level of the metacar- 
pophalangeal joints is on a line about one inch proximal to the web of 
the fingers and corresponding to the distal transverse crease in the 
palm. If the splint projects beyond this point, flexion of the fingers 
will be hindered and functional recovery delayed. The test of complete 
freedom of finger movements is whether the tip of the thumb can be 
approximated to the tips of all the fingers. As a rule, the wrist must 
be fixed in moderate flexion with the forearm pionated. Our own 
preference for splinting is anterior and posterior plaster splints be- 
cause of the ease of molding and adapting them to the parts, and their 
light weight and small bulk. A sling completes the dressing. 

Physical therapy plays an important role in the treatment of Colles’ 
fractures. Routine sur^’cal care of the splints is not sufficient and 
will result in many stiff, disabled hands and delayed convalescence 
unless supplemented by treatment sp^ifically directed to promoting 
recovery of function, My own practice is to begin light superficial 
massage and passive mobilization the day following the reduction. 
Prior to the reduction, when there has been considerable swelling, I 
have administered massage for about twenty minutes, often with 
noticeable improvement in the drculation. The day after the reduction 
the dorsal splint is removed, leaving the wrist resting on the anterior 
\yhich is supported on a cushion. Licht. rhvthmical stroking is 

t and forearm. The 
the patient’s wrist, 

uie anterior surlace of the wrist and foream stoulrly SIa The 
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reestablished by active use supplemented by contrast bathing and 
active exercises performed at home. As a rule, there is little need of 
formal physical therapy administered by a technician except in the 
case of long-standing dislocations when the displaced semilunar must 
be excised. In such cases there is apt to be considerable stiffness of 
the wrist and fingers associated with pain, and these conditions can 
be ameliorated by whirlpool baths, massage, and active and passive 
exercises, beginning as soon as the healing of the operative vfound 
permits. 
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fracture of the lower end of the radius in children, usually between 
the ages of seven and twelve years. Such fractures require careful 
reduction and retentive splinting for a period of about four weeks. The 
same methods are employed as in the treatment of Colles’ fracture, 
although greater difficulty may be encountered in retaining reduction 
than in the latter. There is less need for physical therapy in the treat- 
ment of the epiphysial fractures than in Colies’ fracture on account of 
the youth of the patients which is favorable to the rapid recovery of 
function. The physician may begin the administration of massage 
and relaxed movement at the end of two weeks, and this should be 
continued on alternate days until the splints are removed. Active use 
of the splinted hand, the fingers having been left free, should be en- 
couraged from the end of the first week. As soon as the splints have 
been removed, contrast baths should be given at home together with 
regular exercise treatment until recovery is complete. Usually there is 
no necessity for formal baking and massage treatments. 

Fractures of the Bones of the Forearm. — Fracture of Either 
THE Radius or Ulna Alone. — Fractures involving the shaft of one 
of the bones of the forearm, the other remaining intact, are, on the 
whole, fairly simple problems. The degree of displacement is rarely 
severe due to the fact that the unfraclured second bone serves as a 
splint and exerts a limiting action. The bony deformity can generally 
be corrected by closed methods, although occasionally open reduction 
may be required. Fixation is usually obtained by the application of 
retentive splints extending from the metacarpophalangeal joints 
nearly to the axilla with the elbow flexed either at a right angle or in 
complete extension and the forearm in varying positions of pronation 
or supination, depending upon the type of fracture. 

Physical therapy may usually be employed from about the four- 
teenth day after injury. Earlier treatment is likely to be dangerous. 
Active exercise and use of the digits should, however, be insisted upon 
from the beginning. At the end of two weeks, superficial massage may 
be employed, the arm being supported on one splint while the other 
is removed. Depending upon the location and mobility of the fracture, 
relaxed motion may be performed at either the wrist or elbow, choos- 
ing the articulation farthest removed from the seat of injury. At the 
end of three to four weeks, depending upon the progress of callus 
formation, the arm may be carefully lifted from the splints, supported 
by cushions and more general treatment administered in the form of 
superficial massage with relaxed motion of the fingers, wrist and elbow. 
Generally the last movements to be performed are those of pronation 
and supination, as these are attend^ by the greatest danger of dis- 
placement. The physician should be guided as to these by the appear- 
ance of callus formation by roentgen rays, and he should wait until 
there is clear evidence of new bone formation. The duration of splint 
mg is variable In fractures of one of the bones of the forearm- in 
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Fractures without displacement require splinting for two weeks ono-* 
and the whole plan of treatment in respect to movement and use m j 
be speeded up correspondingly. 


EpipiivsiAt. Fractures of the Ix>wer End of the RADnis."^ 
Separation of the lower radial epiphysis occurs as a variation ® 
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treatment lies in a correct appraisal of the pathologic changes and the 
amount of bony deformity, and whether or not the displacement is of 
a type to cause interference of movement. If it is, then the only 
remedy is operation with the removal of the loose fragment if the re- 
mainder of the head is still capable of function, or with complete 
excision of the head if there has been extensive comminution of the 
head or a displaced fracture through the neck of the radius. In the 
case of the rare epiphysial fractures of the upper end of the radius, 
occasionally encountered in children, open reduction may be per- 
formed instead of excision. 

\Mien fractures of the head or neck of the radius are treated, either 
by removal of the loose fragment or by excision of the head, no splint- 
ing is required beyond soft dressings, bandage and sling. The problem 
of securing union of the fracture has been eliminated by the removal 
of the fragments, and the reparative process is limited to the healing 
of the raw bony surface and damaged soft parts. Passive and assisted 
movements of limited extent may usually be begun at the end of three 
to four days, and the patient may be encouraged to perform active 
pronation and supination as soon as he has recovered from the acute 
effects of the operation. As soon as wound healing has been obtained, 
usually at the end of one week, the active efforts of the patients may 
be aided by electric baking, superficial massage and effleurage, and by 
relaxed and assisted movements of the elbow. Usually the arm may be 
removed from the sling for the performance of light tasks at the end 
of three weeks, and at the end of four weeks this support is removed 
and active use encouraged. Physical therapy should usually be con- 
tinued until the end of eight weeks, with radiant heat, effleurage, 
active exercises and forced assisted movements. 


Fractures of the head and neck of the radius with little or no dis- 
placement usually require splinting with the elbow in the position of 
acute or right-angle flexion for a period of about three weeks. Super- 
ficial massage and relaxed motion of the elbow in flexion and extension 


may be administered, however, from the beginning, the splint being 
removed for the treatment. As a rule, the rotary movements of the 
forearm, which are the most painful and likewise the most dangerous 
in respect to causing displacement, should not be started until the end 
of one to two weeks, the indication here being the disappearance of 
pain on motion At the end of two to three weeks, more intensive treat- 
ments can generally be given, consisting of radiant heat, effleurage 
assisted and active movements. Fairly complete recovery after such 
injuries ought to be obtained in from six to eight weeks, although 
there may be an obstinate limitation of complete extension of the 
elbow persisting for several months before it finally disappears 
Special warning ought to be given in connection with fractures of 
the head and neck of the radius of the danger of the development of 
an ossifying hematoma or myositis ossificans. Many of these frar, 
tures are complicating injuries of posterior dislocations of the elbow 
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some, union is solid in four weeks; in others, not until the end of eight 
to ten weeks. With the removal of the splints more active treatment is 
indicated with baking, efneurage, assisted and active movements, 
efforts being especially concentrated upon restoring pronation and 
supination. 


Fractures or Both Bones of the Forearm. — Fractures of both 
bones of the forearm arc among the most difficult of all fractures to 
treat. They are frequently attended by severe displacement, reduction 
is difficult and often necessitates resort to the open method, and, m 
addition, union is frequently delayed. Under these circumstances 
physical treatment is dangerous and the only safe rule is to pos * 
pone it until consolidation is well advanced. During the interval, enorts 
should be concentrated upon obtaining mobilization of 
and thumb with the splints in place. This task is often dirncuu 
enough, but at the same time of extreme importance, as the muse es 
arise in or span the region of the fracture and have often suffered con- 
siderable damage. Unless motion is started early and continued, ttere 
is likely to be resulting stiffness which may imperil the functiona 
result. The splints should be trimmed well back into the palm in order 
to allow unhampered motion of the digits. In addition, exercises oi 
the shoulder that put it through its full range of motion should be per- 
formed regularly. 

The time required for union of fractures of both bones of the fore- 
arm may vary from six to ten weeks or even longer. It is general y 
advisable to follow a policy of complete fixation of the fracture untu 
this result is obtained. Relaxed movements of the wrist and elbow, 
preceded by gentle stroking massage, may usually be started one to 
two weeks before the removal of the splints. The movements of prona- 
tion and supination are the most difficult to recover, and, indeed, are 
often permanently restricted in greater or lesser degree, depending 
upon whether or not the reduction has been complete, the amount ot 
callus formation, and the extent of soft part injury and scar develop- 
ment in the interosseous space. The amount of assistance that may be 
given in recovering these motions depends upon the surgeon's ap- 
praisal of the causes of limitation and how completely these may be 
overcome by gradual stretching. After removal of the splints, baking, 
effleurage and assisted movements may be given, and active use pte- 
senbed. As a rule, after two to four weeks of treatment reliance should 
be placed upon active exercise, and the other forms of physical therapy 
Stopped. 

Fractures of the Elbow.-FRACTuiuis on the Head and Neck 
OF THE Radius. Fractures of the head and neck of the radius carry 
the menace of restriction of the rotary motions of the forearm and 
limitation of flexion and extension of the elbow, and demand special 
attention in order to preserve complete funntnn The crux of the 
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treatment lies in a correct appraisal of the pathologic changes and the 
amount of bony deformity, and whether or not the displacement is of 
a type to cause interference of movement. If it is, then the only 
remedy is operation \vith the removal of the loose fragment if the re- 
mainder of the head is still capable of function, or with complete 
excision of the head if there has been extensive comminution of the 
head or a displaced fracture through the neck of the radius. In the 
case of the rare epiphysial fractures of the upper end of the radius, 
occasionally encountered in children, open reduction may be per- 
formed instead of excision. 

When fractures of the head or neck of the radius are treated, either 
by removal of the loose fragment or by excision of the head, no splint- 
ing is required beyond soft dressings, bandage and sling. The problem 
of securing union of the fracture has been eliminated by the removal 
of the fragments, and the reparative process is limited to the healing 
of the raw bony surface and damaged soft parts. Passive and assisted 
movements of limited extent may usually be begun at the end of three 
to four days, and the patient may be encouraged to perform active 
ptonalion and supination as soon as he has recovered from the acute 
effects of the operation. As soon as wound healing has been obtained, 
usually at the end of one week, the active efforts of the patients may 
be aided by electric baking, superficial massage and effleurage, and by 
relaxed and assisted movements of the elbow. Usually the arm may be 
removed from the sling for the performance of light tasks at the end 
of three weeks, and at the end of four weeks this support is removed 
and active use encouraged. Physical therapy should usually be con- 
tinued until the end of eight weeks, with radiant heat, effleurage, 
active exercises and forced assisted movements. 


Fractures of the head and neck of the radius Avith little or no dis- 
placement usually require splinting w-ith the elbow in the position of 
acute or right-angle flexion for a period of about three weeks. Super- 
ficial massage and relaxed motion of the elbow in flexion and extension 


may be administered, however, from the beginning, the splint being 
removed for the treatment. As a rule, the rotary movements of the 
forearm, which are the most painful and likewise the most dangerous 
in respect to causing displacement, should not be started until the end 
of one to two weeks, the indication here being the disappearance of 
pain on motion. At the end of two to three weeks, more intensive treat- 
ments can generally be given, consisting of radiant heat, effleurage 
assisted and active movements. Fairly complete recovery after such 
injuries ought to be obtained in from six to eight weeks, although 
there may be an obstinate limitation of complete extension of the 
elbow persisting for several months before it finally disappears 
Special warning ought to be given in connection wth fractures of 
the head and neck of the radius of the danger of the development of 
an ossifying hematoma or myositis ossificans. Many of thesp frar- 
tures are complicating injuries of posterior dislocations of the elbow 
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some, union is solid in four weeks; in others, not until the end o! eight 
to ten weeks. With the removal of the splints more active treatment is 
indicated with baking, efileurage, assisted and active movements, 
efforts being especially concentrated upon restoring pronation and 
supination. 


Fractures OP Bout Bones of the Forearse — ^F ractures ol both 

♦ •?!, forearm are among the most difficult of all fractures to 
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treatment lies in a correct appraisal of the pathologic changes and the 
amount of bony deformity, and whether or not the displacement is of 
a type to cause interference of movement. If it is, then the only 
remedy is operation \vith the remov'al of the loose fragment if the re- 
mainder of the head is still capable of function, or with complete 
excision of the head if there has been extensive comminution of the 
head or a displaced fracture through the neck of the radius. In the 
case of the rare epiphysial fractures of the upper end of the radius, 
occasionally encountered in children, open reduction may be per- 
formed instead of excision. 

When fractures of the head or neck of the radius are treated, either 
by removal of the loose fragment or by excision of the head, no splint- 
ing is required beyond soft dressings, bandage and sling. The problem 
of securing union of the fracture has been eliminated by the removal 
of the fragments, and the reparative process is limited to the healing 
of the raw bony surface and damaged soft parts. Passive and assisted 
movements of limited extent may usually be begun at the end of three 
to four days, and the patient may be encouraged to perform active 
pronation and supination as soon as he has recovered from the acute 
effects of the operation. As soon as wound healing has been obtained, 
usually at the end of one week, the active efforts of the patients may 
be aided by electric baking, superficial massage and effleurage, and by 
relaxed and assisted movements of the elbow. Usually the arm may be 
removed from the sling for the performance of light tasks at the end 
of three weeks, and at the end of four weeks this support is removed 
and active use encouraged. Physical therapy should usually be con- 
tinued until the end of eight weeks, with radiant heat, effleurage, 
active exercises and forced assisted movements. 

Fractures of the head and neck of the radius with little or no dis- 
placement usually require splinting with the elbow in the position of 
acute or right-angle flexion for a period of about three weeks. Super- 
ficial massage and relaxed motion of the elbow in flexion and extension 


may be administered, however, from the beginning, the splint being 
removed for the treatment. As a rule, the rotary movements of the 
forearm, which are the most painful and Iikev.ise the most dangerous 
in respect to causing displacement, should not be started until the end 
of one to two weeks, the indication here being the disappearance of 
pain on motion. At the end of two to three weeks, more intensive treat- 
ments can generally be given, consisting of radiant heat, effleurage 
assisted and active movements. Fairly complete recovery after such 
injuries ought to be obtained in from six to eight weeks although 
there may be an obstinate limitation of complete extension of the 
elbow persisting for several months before it finally disappears 
Special warning ought to be given in connection with fractures of 
the head and neck of the radius of the danger of the development of 
an ossifying hematoma or myositis ossiBcans, Many of these frae- 
tures are complicating injuries of posterior dislocations of the elbow 
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operation was unnecessary. His results were confirmed by Pirie Wat- 
son, “ who published the records and roentgenograms of two patients 
whom he had treated by Lucas-Championniere’s methods. In both 
cases there was well-marked separation of the fragments in the be- 
ginning, but bony union was obtained, although with some defornuty. 
Recovery was stated to have been complete in from four to six weeks. 
The elbows were enveloped in cotton-wool dressings and supported in 
slings at a right angle; massage and mobilization were started imme- 
diately. Both Lucas-Championniere and Watson laid great stress upon 
the necessity of pressing the proximal fragment against the distal with 
the fingers during motions of extension; otherwise the proximal frag- 
ment was likely to become adherent to the underlying tissues and thus 
interfere with function of the triceps. 

Fractures of the olecranon process without displacement may be 
treated in a sling with only bandage support, or at the most in ex- 
tension with a straight splint for one week followed by a sling. Mas- 
sage and mobilization should be started immediately, the motion being 
of the relaxed type for the first two weeks, followed by assisted and 
active movements. Use may be permitted at the end of four weeks. 


Fractures of the Lower End op the Humerus. — F ractures of 
the lower end of the humerus include a variety of injuries, and it is 
necessary to consider these separately as the problems are different. 

Supracondylar or Diacondylar Fractures . — The majority of these 
fractures are encountered in children. The injury is generally diacon- 
dylar, that is, transverse at the level of the condyles rather than 
supracondylar or above the condyles. The fracture line slopes obliquely 
downward from behind forward, and except in the rare injuries of 
the flexion type the distal fragment is displaced posteriorly. When 
satisfactory reduction is obtained and even sometimes when it is not, 
the end-results are almost always excellent with complete recovery of 
motion. The carrying angle may be somewhat altered, but this is of 
functional significance only when it is decreased, not when it is in- 
creased. The recovery of complete extension of the elbow is often 
slow, but with time it almost always becomes complete or at the most 
lacks only a few degrees of normal. 


Reduction should be accomplished as early as possible after injury 
by the closed method wth the aid of anesthesia. Reduction is main- 
tained by fixing the elbow in the position of acute flexion, either by 
bandage or by a posterior plaster splint. Care is necessary in watching 
the circulation, both during the reduction and afterward, as this injury 
is the most common cause of the dreaded Volkmann’s ischemic con- 
tracture. WTienever there is an absent radial pulse, or when the pulse 
disappears during the reduction, or when there is marked swelling 
correction of the bony deformity should be postponed and measures 
taken to improve the circulation. When the hand is cold and white and 
motion of the fingers cannot be obtained, and the pulse is absent an 
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with accompanying rupture of the capsular ligaments and hematoma 
formation. The fracture of the upper end of the radius adds to the 
hemorrhage and releases bone-forming elements in the traumatized 
tissues, which offer ideal conditions for widespread ossification. The 
additional trauma of operation may further stimulate this process. Cer- 
tain it is that extensive calciiication in the anterior capsule is seen not 
infrequently in these fractures, particularly those that have been sub- 
jected to operation, and it may cause interference with function and 
sometimes complete ankylosis. The characteristic symptoms are 
diminution of motion just at the time when an increase should be as- 
pected, pain on use, and evidence of muscle spasm. The diagnosis is 
conhrmed by roentgen-ray examination, which shows cloudiness or b^ 
ginning ossification in the soft parts anterior to the elbow. IVben the 
development of this condition is suspected or found, the elbow should 
be immediately immobilized with cessation of all physical therapy ana 
of activity of any kind that may represent a source of irritation. Ony 
when the process of ossification has reached an end-point can anything 
be done to overcome the condition. Then baking, massage, and active 
exercises may be started and active use resumed. After an interval e 
one year, if considerable limitation of motion persists, the area o 
calcification can be excised with good chance of cure. 


Fractures of the Olecranon Process.— The treatment of frw* 
lures of the olecranon process depends upon whether or not there has 
been pparation of the fragments. In fractures with displacement w 

cture of the patella, and we believ 

' / operative replacement of the frag 

' ' V ■ . • the operation should be to fix 

fra^ents so securely that movement may be permitted immediately 
without the necessity of external fixation. The suture material must 
therefore be strong enough to withstand considerable strain, and tve 
favor the use of either fascia lata or ^vire. men the fragments are 

drilled and snugly approximated with these materials, then the elbow 
may be flexed and extended without danger, and ko postoperative 
fixation IS required beyond that provided by a large soft dressing and 
sling. Active and passive mobilization may be started as soon as the 
acute opera lye reaction has subsided, hlisage may be administeje<i 
as soon as the wound has healed and. after two weeks, may be fob 

It is only fn.r to add that L«cas-Champi„nniere =' who to his 
days was an ardent advocate of the operative renaL of fractures of the 
patella and who earlier advised opmtion alsS for fractures of the 
olecranon, came later to feel that the results ohta?Ldhv hU method 
of massage and mobilisation in the latter injuries were^o good that 
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joint capsule, representing the spreading of ossification from small 
fragments e\’ulsed with the capsular ligaments. Occasionally these 
calcified bodies must be removed, but this should only be done after 
thorough efforts have been made to restore function and it has been 
established that they are responsible for the persistent disability. ^ 
Uncomplicated fracture of an epicondyle is usually a simple injurj’ 
best treated by a sling and bandage. Massage and relaxed motion may 
be started immediately in adult patients but is scarcely needed in 
children. Active motion may be permitted at the end of one week 
and the sling may be discontinued at the end of two or three weeks. 
The fragment frequently fails to unite by osseous union, but this 
rarely gives rise to any symptoms. 

Condylar and Intercondylar Fractures . — Fractures involving a sin- 
gle condj’le, either the medial or lateral, or of both the condyles in the 
form of the intercondylar T t>T)e are difficult injuries to treat, and 
rarely recover without some degree of functional impairment. Accurate 
reduction should be sought by all possible means, but the problem is 
individual in each case, and no general rule can be laid down. Even 
the e.xperienced surgeon must often proceed by the method of trial and 
error. The displacement may be insignificant, in which case no reduc- 
tion may be required, but this is rare. In others, it may be possible to 
secure satisfactory reduction by the manipulative method followed by 
fixation of the elbow in whatever position of flexion or extension seems 
best to retain the correction. In other cases, continuous traction may 
be indicated by means of adhesive to the skin of the forearm or 
Kirschner’s wire through the olecranon process, or it may be advisable 
to perform an open reduction. In some of the more difficult cases all of 
these methods may be tried in rotation, and the result may still remain 
unsatisfactorj’. MTiile reduction is important, prolonged fixation of 
these fractures is unwise and will result in stiffness of the elbow re- 
gardless of the perfection of the reduction. Some compromise has to 
be reached, and this generally resolves itself into a choice between two 
plans of treatment; first: to secure reduction by manipulation or trac- 
tion, and to begin mobilization at the end of two to three weeks, 
which is too early to render exercise treatment entirely safe; or sec- 
ond, to obtain reduction by operative means with internal fixation of 
the fragments by one or another method, but secure enough to allow 
of doing away with external splinting and of beginning mobilization of 
the elbow as soon as the acute operative reaction has subsided. The 
latter course has much to commend it, but it often proves impossible 
to reduce the fragments perfectly, and the additional trauma of the 
operation may occasion secondarj' fibrous tissue formation sufficient to 
impede complete recover^'. 


In case of extensively comminuted fractures or in elderly individuals 
with injuries of a more simple type, it may well be the best policy not 
to aim for reduction which would be imperfect at best, but instead to 
try- to develop function by employing massage and mobilization from 
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incision should be immediately made at the front of the elbow to ex- 
pose and release the vessels and to evacuate the hematoma and relieve 
the tension. 

In the uncomplicated fractures the dressing should be taken down 
at the end of 48 hours and the elbow inspected. In the absence of 
blebs, light stroking massage may be administered over the lateral, 
medial and posterior surfaces, and the elbow may be passively ex- 
tended and flexed through a range of 10 to 20 degrees; the dressings 
are then reapplied. This treatment should be repeated on alternate 
days over a period of about three weeks, gradually gaining In extension 
until the right-angle position is attained. At this time the splint or 
other dressings may usually be removed and a neck sling substituted, 
which is gradually lowered to the right angle. At the end of four weeks 
the mother may begin to remove the arm from the sling twice a day 
and assist the child in performing active exercises. At the end of four 
to five weeks all support may be discontinued and active use en- 
couraged. 


The difficulty in the use of physical therapy in this fracture is the 
age of the patient and the child’s timidity and fear of pain. The confi- 
dence of the child can be obtained only by being careful not to cause 

k..: _ x.’’ ? . Tf JferpnM’ 
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pain at any time, by being patient and by not hurrying. If “scenes^ 
te of every effort, it is better to give up all efforts at physi' 
. Al«n t-iAroiicA 4i , -f are 


result in spite oi every eitort, it Is better to give up all ellorts ai 
cal therapy. Also because of the fact that most of the patients are 
children, there is always the danger of a fall during play and of sec- 
ondary injury and this makes it necessary to protect the fracture for 
a longer period than would otherwise be necessary. 

Lindsay - has reported successful results from the early use of roas- 
"’‘’“on in fractures of the elbow, employing a more 
!nf T' followed. I have had the pleasure of see- 

ing some of Lindsay s cases, and the results appeared to correspond 
to what he had claimed. 1 feel, however, that it is a very 
specialized technic and hardly safe in ordinary hands. In general, 

mmsXutTs'inn/"”''*’'' “"-Plotely afte? supracondylar frac- 

tmetures oj the fP'comfyfej.—Fracture of the medial epicondyle, 
either in the form of a simple fracture or of an SiSiysfal separation, 
is a common injury, while fracture of the lateraf epkondyle is rare. 
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advantage in attempting manipulative reduction Tvith the aid of an 
anesthetic in the hope of being able to enmesh or to interlock the frag- 
ments. ^\Tien successful, the after-treatment is simplified; when un- 
successful, nothing has been lost. WTien the fracture is either of the 
oblique or comminuted type, manipulative reduction is foredoomed to 
failure and ought not to be attempted. In these cases light superficial 
massage should be administered to relax the muscles, and then with- 
out any anesthesia the angular deformity should be gently corrected, 
and the coaptation splints and the dressings applied. As a rule, no great 
difficulty is experienced in controlling the alignment in this manner, 
and as the spasm of the muscles is overcome by daily massage treat- 
ments, the reduction becomes more and more perfect, the weight of 
the unsupported elbow providing a certain traction force. If any diffi- 
culty is experienced in obtaining reduction, particularly in the oblique 
or transverse fractures, it Is usually because tissue has been interposed 
between the fragments, and this is an indication for operative reduc- 
tion, usually with internal fixation of the fragments by one or another 
method. FoUonnng operation, rigid splinting should be employed for 
the first two weeks, but after this, massage and mobilization may be 
begun. 

When possible, treatments should be given daily during the first two 
weeks, and thereafter on aUetnale days. They are best given with the 
patient seated, the back supported and the forearm resting on a cushion 
laid across the patient’s knees. Massage of the superficial type should 
extend from the wrist to the shoulder, and, after reIa.xation is ob- 
tained, gentle passive movements of the elbow and shoulder should be 
performed, also not neglecting the fingers and wrist. The motions of 
the shoulder should be made with the elbow and forearm supported by 
the physician’s hands and carefully and in a limited way in order not 
to cause movement of the fragments. The last movements to be started 


are those of rotation of the shoulder, and these should generallj’ be 
postponed until the end of ten days. AH of the early treatment de- 
mands the greatest skill and judgment, and ought not to be adminis- 
tered by any one but the physician ‘in charge. Healing progresses 
rapidly, and the changes can be followed from day to day, both in the 
appearance of the arm, the firming of the fragments, the development 
of callus and the increase of the range of joint movement. At the end 
of two weeks the fragments are glued together, and the circular body 
bandage can be discontinued. Callus formation is usually well 
vanced by the end of four weeks and demonstrable by roentgen ra 
Clinically, sound union is present at the end of five to six weeks an 
at this time the matter of administering further treatment may be 
delegated to a technician. It should include radiant heat superficial 
massage and efileurage, and active and assisted exercises for all the 
joints of the upper extremity. Occasionally the development of bonv 
union may r^uire a little longer time than the period staled, but this 
IS rare, and the gratifying thing about this method of treatment is the 
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the beginning. When this plan is adopted the arm should be suspendd 
from an overfiead frame with the patient recumbent, by means of ad- 
hesive tracUon to the forearm, and with the elbow in right-angle flexion 
for the first week or two. This method relieves pain, helps to 
swelling, and permits a certain amount of active flexion and e"onsion 
of the elbow. Massage and passive mobilization should be administered 
daily, the traction being released temporarily for this 
end of two weeks the traction is discontinued, _ a bandage applied t 
the elbow, and the patient allowed to be up with the atm m a sung. 
Treatments should be given on alternate days with message, passive, 
active and assisted movements. Passive and active exercises should ne 
performed daily by the patient with the assistant of the 
hand. Active use for light tasks should be permitted at the end o iour 
wApk<; the sline may be discarded at the end of six weeks and tun ^ 
tivity encouraged. I have seen some remarkable resutts achieved by 
this method in what were regarded as almost hopeless fractures. 
seems as if some credence must be given to the theory that early moon- 
ization clears obstructing fragments from the path of the ” 

and coronoid processes, and permits obtaining a range of function inai 
would not be possible otherwise. 


Fractures of the Shaft of the Humerus.— Fractures of 
of the humerus lend themselves remarkably well to treatment by tne 
method of early massage and mobilization. For a time after the Great 
War it was considered necessary to employ traction to secure reduction 
of these fractures, and it was only in the course of time that it became 
evident that even a slight amount of continuous traction might lead 
to distraction of the fragments, and that this was a frequent forerun- 
ner of delayed union or nonunion The alternative method of reducing 
the fracture by manipulation and retaining correction by the applies* 
tion of a plaster spica jacket is cumbersome and uncomfortable for 
the patient and all too often uncertain, in that reduction is fre* 
Quently lost during the process of applying the plaster. The old- 
fashioned but time-honored method of splinting consisting of long 
roaotation splints, preferably of molded plaster of parts, extending 
from elbow to shoulder with a bandage to the forearm to contrm 
«veUinc and a narrow cravat shng to support the wrist, supplemented 
dtirinc the first week or two by a circular body bandage holding the 
® to the chest, seems to me equally effective in maintaining align* 
mPflt and has the additional great advantage of being easily removable 
nd thus facilitating treatment by massage and mobilization. For it 
ms clear to me from actual experience that Lucas-Championnierc’s 
when properly applied are capable of overcoming muscle 
m and thus improving the alignment of fractures of the shaft of 
bi.merus and of likewise improving the circulation of the arm so 
Iv ♦ tmion is hastened and earlier functional recovery obtained. 
^*'\\’hen the fracture is of the transverse type, there may be some 
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advantage in attempting manipulative reduction with the aid of a 
anesthetic in the hope of being able to enmesh or to interlock the fraj 
ments. \\Tien successful, the after-treatment is simplified; when ur 
successful, nothing has been lost, ^\^3en the fracture is either of th 
oblique or comminuted type, manipulative reduction is foredoomed t 
failure and ought not to be attempted. In these cases light superficn 
massage should be administered to relax the muscles, and then vritl 
out any anesthesia the angular deformity should be gently correctec 
and the coaptation splints and the dressings applied. As a rule, no gre< 
difficulty is experienced in controlling the alignment in this manne 
and as the spasm of the muscles is overcome by daily massage treai 
ments, the reduction becomes more and more perfect, the weight c 
the unsupported elbow providing a certain traction force. If any diff 
culty is experienced in obtaining reduction, particularly in the obliqu 
or transverse fractures, it is usually because tissue has been interpose 
between the fragments, and this is an indication for operativ’e reduc 
tion, usually with internal fixation of the fragments by one or anothe 
method. Following operation, rigid splinting should be employed fc 
the first two weeks, but after this, massage and mobilization may b 
begun. 

UTien possible, treatments should be given daily during the first tw 
weeks, and thereafter on alternate days. They are best given with th 
patient seated, the back supported and the forearm resting on a cushio 
laid across the patient’s knees Massage of the superficial type shoul 
extend from the wrist to the shoulder, and, after relaxation is ot 
tained, gentle passive movements of the elbow and shoulder should b 
performed, also not neglecting the fingers and ^Tist. The motions c 
the shoulder should be made with the elbow and forearm supported b 
the physician’s bands and carefully and in a limited way in order nc 
to cause movement of the fragments. The last movements to be starte 
are those of rotation of the shoulder, and these should generally b 
postponed until the end of ten days. All of the early treatment de 
mands the greatest skill and judgment, and ought not to be adminh 
tered by any one but the physician'in charge. Healing progresse 
rapidly, and the changes can be followed from day to day, both in th 
appearance of the arm, the firming of the fragments, the developmer 
of callus and the increase of the range of joint movement. At the en 
of two weeks the fragments are glued together, and the circular bod 
bandage can be discontinued. Callus formation is usually well ac 
vanced by the end of four weeks and demonstrable by roentgen ray; 

sound union is present at the end of five to six weeks, an 
at this time the matter of administering further treatment may b 
delegated to a technician. It should include radiant heat, superficif 
massage and effleurage, and active and assisted exercises for all th 
lomis of the upper extremity. Occasionally the development of bon 

mon may require a little longer time than the period stated, but thi 
rare, and the gratifyine thing about this method of trMtmpnf ic tu 
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rapidity of healing in contrast to the slow healing with other methods. 
The surgeon should be on the alert, however, to detect any evidence 
of tissue interposition between the fragments and to subject patients 
with this complication to operative reduction during the first 14 to 20 
days. 

Radial nerve injury, which is a relatively common complication of 
fracture of the shaft of the humerus, necessitates no particular change 
in the program of treatment. It is important to differentiate between a 
primary nerve injury, which is usually due to contusion or stretching 
of the nerve and therefore recovers promptly, and a secondary lesion, 
which is apt to be due to the nerve being caught between the fragments 
or to constriction by callus and hence requires surgical exploration. 
In all cases of radial nerve injury, stretching of the paralyzed extensor 
muscles should be prevented by supporting the fingers and wrist in the 
position of hyperextension on a long cock-up splint. This should be re- 
moved during the treatments for mobilization of the various joints. 

Fractures of the Upper End of the Humerus. — Fractures of the 
upper end of the humerus include a variety of bony injuries such as 
fracture of the anatomic neck, fracture of the surgical neck, separa- 
tion of the upper humeral epiphysis, and fractures of the greater and 
lesser tuberosities. In addition, any of these injuries may be comph" 
cated by dislocation of the shoulder. A classification based upon 
anatomic situation is confusing, however, and of little practical value, 
as the majority of the fractures are extensively comminuted and in- 
volve more than one region. Fractures of the anatomic and surgical 
necks and of the greater tuberosity are frequently present in combina- 
tion in the same individual. From the practical standpoint it is more 
helpful to classify these injuries on the basis of the presence or absence 
of bony deformity, as this has a direct bearing on the treatment. Also 
there seems to be some degree of relationship between the amount 01 
deformity and the type of fracture, displacement of the grosser sort 
being generally associated \rith the transverse fractures of the surgical 
neck, while slight or no displacement is more characteristic of the 
extensively comminuted fractures. The fracture-dislocations must also 
be considered in a separate group. 

Fractures Associated with Little or No Displacement.— The 
large majority of the fractures with little or no displacement are made 
up of the comminuted fractures so commonly encountered in elderly 
individuals and especially women. This type of injury far outnumbers 
any other injury of the upper end of the humerus, and this together 
with its unfavorable age inadence accounts for its importance. The 
amount of comminution varies, but there is generally a giving way oi 
a considerable^ part of the cancellous structure with involvement of 
both the surgical and anatomic necks and fracture of the greater 
tuberosity as well. Disalignment is variable, and generally slight or 
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absent, but there are exceptions in which the shaft is displaced 
medially or laterally with overriding. 

The treatment of these fractures has undergone an evolution since 
the Great War. At first, with the lessons of the conflict in mind, it was 
considered necessary to splint the shoulder in a position of abduction, 
and this was accomplished either by the use of a Thomas splint or a 
so-called “airplane” splint. Continuous traction was usually employed 
in conjunction with the splint, and this was obtained by the applica- 
tion of adhesive plaster to the skin. 

These methods either confined the patient to bed or necessitated 
the use of an encumbering appliance for several weeks, and often re- 
sulted in obstinate stiffness of the shoulder as a result of the long 
fixation. After trial of this method for several years, it began to be 
realized that the results were no better, if as good as those obtained 
formerly by other methods, and that it was unnecessary to subject the 
patient to this ordeal. For the last five years we have discarded these 
methods and adopted instead the plan of treatment by early massage 
and mobilization. The arm is fixed to the chest by a sling and circular 
bandage, and no other apparatus is used. Hospitalization of the patient 
is advisable for a period of at least two weeks. Roberts studied the 
results, and these showed that complete recovery of function was ob- 
tained in almost all cases and in a much shorter time than when the 
shoulder had been fixed in abduction. In addition, this method of 
treatment has proved far more comfortable than the old and has 
avoided the necessity of recumbent treatment in the dorsal decubitus, 
which is often unsafe in these elderly patients because of the danger 
of hypostatic congestion of the lungs. 

Massage of the light stroking type is administered when the patient 
is first seen. The treatment is given with both the patient and the 


physician seated, the patient’s forearm and elbow being supported on 
a pillow placed across his knee. The entire shoulder and upper arm 
are treated. When relaxation is obtained, gentle passive motions of the 
shoulder are made in abduction and adduction, flexion (forward eleva- 
tion) and extension. No rotary motions of the shoulder are attempted 
until the fragments have become glued together, usually at the end of 
two weeks. The treatments are best given every day for the first two 
weeks. At the end of one week a considerable range of motion is possi- 
ble without pain, and pendulum movements of the shoulder may be 
started. These are performed with the patient standing and bending 
forward at the hips, the arm hanging free from the shoulder like a 
pendulum. In this posture the shoulder may be quite easily made to 
assume a position of 70 degrees forward elevation, whereas in any 
other posture it would be impossible to elevate the shoulder to this 
degree without pain. Gravity, acting in the long axis of the arm exerts 
a traction effect upon the region of the fracture and thus protects it 
Active swinging movements of both shoulders are now made by the 
patient m the anteroposterior plane (flexion and extension) then in 
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the lateral plane (abduction and adduction), and finally in a circular 
plane (circumduction). These exercises are repeated twice a day by 
the patient, and the number and extent of the movements are gradually 
increased. ^lassage and passive movements are continued daily or on 
alternate days. 

At the end of two weeks the circular bandage holding the atm to the 
chest may be discontinued and the arm supported only by a sling. 
The patient is encouraged to use the hand for such light tasks as are 
possible with the arm at the side. The treatments by massage and 
passive motion may be decreased to three times a week, but the pendu- 
lum exercises performed by the patient are continued twice daily. Pas- 
sive movements of the shoulder in rotation may also be started. At the 
end of three weeks the sensitiveness has generally disappeared and 
only the stiffness remains. The fragments are firmly cemented by soft 
callus. Radiant heat treatment of the shoulder may now be g?ven 
preliminary to the massage and passive mobilization, and also free 
movements of the shoulder in abduction and adduction with the patient 
recumbent may be added. 

At the end of four weeks a greater range of active use is possible, 
and the arm may be left out of the sling part time. Anything that may 
be done without pain is permissible. At this time the recumbent exer- 
cises of the shoulder ate increased by tbe addition of forward eleva- 
tion, and of rotation with the shoulder abducted. At the end of five 
weeks, active voluntary exercises with the patient standing erect may 
be begun. \\ eakness of the deltoid, infraspinatus and supraspinatus 
muscles, and stiffness in abduction and rotation persist for some time, 
and these movements may be aided by wall-climbing with the fingers 
and by a certain amount of assistance from the technician. Care is 
always employed to avoid pain. At the end of six to eight weeks from 
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ing an automobile for the older ones. These help to recover the last 
few degrees of motion, but the normal uses of the arm with the shoul- 
der abducted or elevated are extremely few; hence, emphasis must be 
continually laid upon the necessity of keeping up active exercises 
until complete functional recovery is obtained. Normal use of the 
shoulder is generally obtained in from eight to twelve weeks. 

Fractures Accompanied by Displacement. — Many of the frac- 
tures of the upper end of the humerus are accompanied by gross dis- 
placement of the fragments. These are usually the transverse fractures 
of the surreal neck or fractures involving the epiphysial line. The head 
or proximal fragment is generally rotated into the position of abduc- 
tion, while the distal or shaft fragment is separated from the head and 
displaced sometimes laterally, but usually medially into the axilla with 
gross overriding. The brachial nerves or vessels may be injured. Some 
of the comminuted fractures are likewise accompanied by displace- 
ment, but unless the shaft is actually separated from the head, we 
believe that better results will be obtained from treatment by massage 
and mobilization as outlined above wthout any attempt at reduction 
rather than by treating them with the aim of correcting all deformity. 

Reduction of the deformity should be attempted as soon as possible 
after injury by closed methods, and when seen early, satisfactory 
replacement can usually be obtained. We believe from our own ex- 
perience that reduction is rarely accomplished by continuous traction 
after the manipulative method has failed, and that in that case it is 
preferable to proceed forthwith to open operative reduction. 

Reduction is usually best maintained by constant traction with the 
shoulder abducted. Adhesive strips are fixed to the upper arm, a 
Thomas splint is applied and the strips connected to a traction weight 
of five to eight pounds. The splint should be suspended from an over- 
head frame, to facilitate change of position in bed by the patient. 
Whenever possible the elbow should be fixed in right-angle flexion, 
as function is recovered much more quickly than when it has been 
fixed in extension. An alternative method of splinting is that described 
by Blake consisting of traction and suspension, with the shoulder 
abducted to the desired degree. Fixation by one or the other types of 
apparatus must usually be continued for a period of about three 
weeks, at the end of which time the arm can be brought down to the 
side without danger of recurrent displacement. When for any reason 
the patient must be made ambulatory at an earlier period, it is neces- 
sary to apply an airplane splint to maintain abduction. 

Since many of the displaced fractures occur in parents of youthful 
or early adult age, there is less danger of stiffness as a result of im- 
mobilization of the shoulder than in the elderly patients with the com- 
minuted fractures, and a good anatomic result should be sought as the 
best foundation for good function. As long as the shoulder and arm 
are fixed by apparatus, physical therapy cannot be employed The 
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traction and suspension method of treatment allows a certain amount 
of shoulder and elbow motion, however, which to a considerable degree 
offsets this loss, ^^^hen the apparatus is removed the patient is per- 
mitted to be up, carrying the arm in a. sling, and at this time massage 
and mobilization treatments may be started. The general program cor- 
responds to that described previously for fractures without displace- 
ment, except for the difference that it is started two to three weeks 
later, and the progression depends upon the rapidity of the functional 
response instead of the speed of callus formation. 


Fracture-Dislocations. — ^Thc occurrence of dislocation of the 
shoulder in combination with fracture of the upper end of the hti- 
mems adds a serious complication to the latter injury and unfavorably 
modifies its prognosis. Fracture-dislocations in which the fracture in- 
vdv^ greater tuberosity are much more favorable than those in 
which the fracture involves the surgical neck, however, and it is im- 
portant for purposes of treatment to differentiate between them. 

Dislocations with Fracture of the Greater Tuberosity.— Fv^setuxe of 
the greater tuberosity is a frequent accompaniment of dislocation of 
the Shoulder, the bony prominence being retained in position by its 
muscular attachments and left behind as the head displaces from the 
glenoKj. This injury should be treated by immediate closed reduction, 
and replacement can usually be accomplished by either Kocher’s or 
of the dislocation also brings about 
fS? “'“'■e apposition of the fragments 

°f ™e week the danger ot 
he disregarded and the shoulder treated by mas- 
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inclined to favor replacement of the head whenever possible as the 
better policy. 

Irrespective of whether the head is replaced or removed, the after- 
treatment necessitates fixation of the shoulder in a position of abduc- 
tion for a considerable period, and this is usually accomplished by 
Blake’s method of traction and suspension, followed later by the use 
of an airplane splint. In the cases where reduction of the head has 
been accomplished by the closed method, the period of splinting is 
usually about three weeks, ^\'hen the head has become separated from 
the shaft and has had to be replaced by open operation, the period of 
fixation is necessarily longer in order to permit revascularization from 
the distal fragment to take place and union to become firm — generally 
from six to eight weeks. When the head has been excised the shoulder 
should be maintained in abduction by the method of traction and sus- 
pension for a period of about three weeks, at the end of which time 
massage and mobilization may be begun. 

Physical therapy can be begun only after the removal of all appa- 
ratus, and follows in a genera! way the program previously outlined 
for fractures of the upper end of the humerus nilhout displacement. 
Since the treatment is begun later, the response will be retarded, and 
the program must be guided chiefly by the progress of the patient and 
accelerated only as rapidly as the gain in movement justifies. Pain is 
the warning signal and indicates when the treatment is being pushed 
too rapidly. Avoidance of pain should be the guiding principle. 


Fractures of the Shoulder Girdle. — Fractures of the Clamcle. 
-y-Fracture of the clavicle is a common but generally benign injury’. It 
is encountered mth the greatest frequency among children, the age 
period in which following injury’, function is recovered rapidly. Except 
in the rare instances of fracture of the extreme outer tip of the clavicle, 
the injury does not implicate any Joint. In addition, the function of 
the clavicle is a simple one, merely that of providing a strut to hold the 
shoulder outward and backward, a function that is restored by the con- 
solidation of the fracture even with deformity. For these reasons frac- 
ture of the clavicle is rarely followed by any permanent disability. 

The most common site of fracture is the middle third. Complete 
fractures in this region are generally accompanied by considerable 
deformity, the outer fragment being displaced forward, inward and 
downward with overriding. Reduction is readily accomplished by draw- 
ing the shoulder upward, outward and backward, and retaining it in 
that position. The old Sayre and Velpeau dressings proved unsatis- 
factory in retaining reduction and had the additional disadvantage of 
immobilizing the shoulder. They have now been superseded by a 
variety of apparatus, each of which seems to maintain the fragments 
m satisfactory position while leaving the shoulder joint free From our 
ow-n e.xperience we recommend the figure-of-8 plaster bandage to both 
shoulders or some form of the clavicular T splint. When properly 
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traction and suspension method of treatment allows a certain amount 
of shoulder and elbow motion, however, which to a considerable degree 
offsets this loss. When the apparatus is removed the patient is per- 
mitted to be up, carrying the arm in a sUng, and at this time massage 
and mobilization treatments may be started. The general program cor- 
responds to that described previously for fractures without displace- 
ment, except for the difference that it is started two to three weeks 
later, and the progression depends upon the rapidity of the functional 
response instead of the speed of callus formation. 


Fracture-Dislocations. — ^The occurrence of dislocation of the 
shoulder in combination with fracture of the upper end of the hu- 
merus adds a serious complication to the latter injury and unfavorably 
modifies its prognosis. Fracture-dislocations in which the fracture in* 
v(^y^ the greater tuberosity are much more favorable than those in 
which the fracture involves the surgical neck, however, and it is im- 
purposes of treatment to differentiate between them. 
Dislocatton^ with Fracture of the Greater T«&cro5i7y.— Fracture of 
the tuberosity is a frequent accompaniment of dislocation of 

the shoulder, the bony prominence being retained in position by its 
rnuscular attachments and left behind as the head displaces from the 
glenoid. This injury should be treated by immediate closed reduction, 
and replacement can usually be accomplished by either Kocher's or 
the traction method. Reduction of the dislocation also brings about 
reposition of the fracture vdth such secure apposition of the fragments 
that after immobilization for the period of one week the danger of 
redisplaccmcnt may be disregarded and tbe shoulder treated by mas- 
sage and mobilization. Fixation is secured by sling and circular band- 
Program of physical treatment 
coyesponds in all respects to that outlined for fractures of the upper 
Trt o'f Ihe n.iTT* "ithout displacement. With cooperation on the 
pnrt of the patient^, complete recovery of function can usually be ex- 
pected m from eight to twelve weeks. ‘“"'•iiou can usual y 

Dislocaltons mill Fracture of the Neck oj the ffumeruj —Fracture 
dislo^tious of the shoulder in which the suJglcal orTna”omic neck of 
the humerus 15 fractured represent a much r^ore dffi™” problem. 
Retoctlon of the dislocation should be attempted by “he traction 
method, aided by pressure on the hnH y ,“‘1: y. 

axilla. Complete replacement is obiaS 

but more often the shaft separates from tho ’ 

the glenoid cavity leaving the tad Sind wf* ?!!■'* '"'’'“"I,, 

live reduction is indicated, but this raises the 

head, which has been cut off fS Si wS ‘’“""‘1°" °c' 
served and replaced in the glenoid, or should b ?• 

is likely to prove unsatisfactory is far as 1 " ST"*’' 
cerned, and considerable restriction of motion 
tion is to be expected. 0„ tbe basis onro” 
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inclined to favor replacement of the head whenever possible as the 
better policy. 

Irrespective of whether the head is replaced or removed, the after- 
treatment necessitates fixation of the shoulder in a position of abduc- 
tion for a considerable period, and this is usually accomplished by 
Blake’s method of traction and suspension, followed later by the use 
of an airplane splint. In the cases where reduction of the head has 
been accomplished by the closed method, the period of splinting is 
usually about three weeks. When the head has become separated from 
the shaft and has had to be replaced by open operation, the period of 
fixation is necessarily longer in order to permit revascularization from 
the distal fragment to take place and union to become firm— generally 
from six to eight weeks. When the head has been excised the shoulder 
should be maintained in abduction by the method of traction and sus- 
pension for a period of about three weeks, at the end of which time 
massage and mobilization may be begun. 

Physical therapy can be begun only after the removal of all appa- 
ratus, and follows in a general way the program previously outlined 
for fractures of the upper end of the humerus without displacement. 
Since the treatment is begun later, the response will be retarded, and 
the program must be guided chiefly by the progress of the patient and 
accelerated only as rapidly as the gain in movement justifies. Pain is 
the warning signal and indicates when the treatment is being pushed 
too rapidly. Avoidance of pain should be the guiding principle. 


Fractures of the Shoulder Girdle. — Fractures of the Clavicee. 
— Fracture of the clavicle is a common but generally benign injury. It 
is encountered \vith the greatest frequency among children, the age 
period in which following injury, function is recovered rapidly. Except 
m the rare instances of fracture of the extreme outer tip of the clavicle, 
the injury does not implicate any joint. In addition, the function of 
the clavicle is a simple one, merely that of providing a strut to hold the 
shoulder outward and backward, a function that is restored by the con- 
solidation of the fracture even with deformity. For these reasons frac- 


ture of the clavicle is rarely followed by any permanent disability. 

The most common site of fracture is the middle third. Complete 
fractures in this region are generally accompanied by considerable 
deformity, the outer fragment being dhplaced forward, inward and 
downward with overriding. Reduction is readily accomplished by draw- 
ing the shoulder upward, outward and backward, and retaining it in 
that position. The old Sayre and Velpeau dressings proved unsatis- 
factory in retaining reduction and had the additional disadvantage of 
immobhizing the shoulder. Th^ have now been superseded by a 
variety of apparatus, each of which seems to maintain the fragments 
in satisfactory position while leaving the shoulder joint free From our 
own e^erience we recommend the figure-of-8 plaster bandage to both 
shoulders or some form of the clavicular T splint. When properly 
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applied, either of these dressings maintains reduction and yet permits 
maximum freedom of the shoulders. In the case of women desirous of 
avoiding all possibility of a visible prominence at the site of the frac- 
ture, recumbent treatment may be advised for a period of two three 
weeks with the shoulder fi.xed in wde abduction by Blake’s method oj 
traction and suspension. Nonunion is an occasional complication oi 
fracture of the clavicle but is almost always the result of interposition 
of tissue and failure to obtain reduction. . _ 

With either the figure-of-8 plaster bandage or the clavicular I 
splint, a sling is worn for the first three or four days to support the 
arm, but thereafter is removed and active use of the arm and shoulder 
permitted. Since the shoulder is not immobilized, function is main- 
tained, and there is no need for physical therapy. Active exercises to 
strengthen the muscles controlling the shoulder, upper arm and shou - 
der girdle may be prescribed with benefit in the convalescent stage 
after the splinting has been discontinued. 


Fractures of the Scapula. — F ractures involving the body of t e 
scapula are usually of the comminuted type and are associated wm 
considerable damage to the muscles covering the scapula, namely, tne 
supraspinalus, infraspinatus, subscapularis, teres major and minor, and 
the rhomboid muscles. The effects of the injury are also likely to ex- 
tend to the subscapular bursa, with resulting adhesions and inter- 
ference with rotation of the scapula upon the chest wall. Displacement 
of the fragments is limited by their muscular attachments, and tne 
amount of bony deformity is rarely sufficient to cause limitation ol 
function. Even with extreme deformity, it is generally impossible to 
correct it because of the extreme comminution. The treatment gen- 
erally consists of fixation of the arm to the side by sling and circular 
body bandage. 


Physical therapy may be started at the end of one week in the fo™ 
of light superficial massage and passive mobilization. Massage should 
be administered, with the patient seated, to the region of the scapula, 
the lower neck, shoulder and upper arm. This should be followed by 
passive mobilization of the shoulder girdle and shoulder. Treatmenl 
may be given daily during the second week, and thereafter on alternate 
days. At the end of three weeks, assisted movements may be started, 
and active exercises may be prescribed at the end of four weeks. 
Applications of radiant heat may be given with benefit preceding the 
treatment from the end oi the third week. 

Recovery of function is oilen slow following fracture of the scapo'tt, 
due to the extensive fibrotic changes in the scapular muscles, and may 
require three to tour months. Exercises should be continued through- 
out this period, and the use o[ apparatus is often beneficial, such as 
wand exercises, work with the weight and pulley, golf practice, etc. 
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FRACTURES OF THE LOWER EXTREMITY 

The functions of the lower extremity are of a highly specialized type 
and have to do chiefly with weight bearing and locomotion. Weight 
bearing necessitates the ability to support for long periods of time the 
constant thrust of the body weight and also of whatever additional bur- 
dens are carried by the arms, back or shoulders. When the body is in 
locomotion, this weight is shifted from one leg to the other and in 
reality sustained by one leg at a time. The functional demands upon 
the skeletal apparatus of the legs ate therefore quite different from 
those made upon the arms, the former involving heavy and sustained 
duty and, above all, the ability to withstand end-thrust. The legs are 
able to support this load because their structure is admirably adapted 
to that end. The axes of the bones of the legs stand in nearly perpen- 
dicular relationship to the joint surfaces. The broad articular surfaces 
of the knee and ankle lie in the horizontal plane and are parallel to 
each other. The thrust is evenly distributed and is transmitted from 
one segment to the other with minimal strain upon the ligaments. In 
addition, the arched arrangement of the foot provides a tripod type of 
spring support which serves to cushion the weight impact with each 
step. 

The structural relationships are so completely harmonious that any 
alteration produced by a skeletal fracture is likely to be attended by 
serious consequences. Angular deformity of the femur or tibia changes 
the weight distribution at the proximal and distal articulations so that 
one or more of the ligaments become strained, resulting sooner or 
later in painful function. There is uneven bearing of the joint sur- 
faces wi^ excessive wear at certain parts leading to degeneration of 
the cartilage, proliferative changes at the joint margins, and finally 
resulting in the characteristic picture of a localized hypertrophic or 
traumatic arthritis. Simple lateral displacement, provided that the axes 
of the fragments retain their perpendicular relationship to the joint 
surfaces, is much less disabling even when accompanied by a little 
shortening because it does not alter the direction of the weight-thrust. 
Shortening is unesthetic and can be avoided, but as long as this does 
not exceed one inch, it can be readily corrected by the addition of a 
small lift to the shoe, which results in Utile functional impairmenl 
even for heavy work. 

The locomotor function requires only a moderate amount of move- 
ment of the ankle, knee and hip In ordinary walking the knee is 
rarely flexed mote than 45 degrees, and the arc of ankle motion 
rarely exceeds 10 to 15 degrees. A greater range of motion is neces- 
sary for running and for ascending or descending stairs Stooping 
kneeling and sitting call forth a still larger amount of motion in cer- 
tain joints, but except for the purpose of athletic competitions the full 
range of possible joint movement is seldom utilized. The ordinary in 
dividual can therefore tolerate a certain degree of limitation of the 
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movements of the hip, knee or ankle with little functional loss; and 

even complete ankylosis of one of these joints, 

fixed in the position of optimum function, constitutes but a 

*'^The practical conclusion to be drawn from these observations is <hat 
in dealing with fractures of the lower extremity, il 

etal alignment is more important than restoration P,,j 

mobility. This does not mean to imply that one should 
restoration of movement, but that early mobilization of the 
tions should never be prescribed if it involves the slightest ris 
turbing the alignment. Fractures of the shafts of the long bon 
leg require a considerably longer period for consolidation t a 
of the arm, and until the union is fairly firm there is alway S ^ 
of displacement. For this reason it is rarely safe to treat s 
juries by massage and mobilization until consolidation 
advanced. In respect to restoring function, chief reliance m 
placed upon such mobilization as may be obtained in 
the traction-suspension method of treatment or upon the sum 
produced by the use of weight-bearing appliances. In 
massage and mobilization are of chief benefit in fracture in . 
the ankle and knee, but even here they must be employed only 
certain safeguards and limitations. It therefore follows that the 
of physical therapy in the treatment of fractures of the .j 

tremity is very different from that in the upper extremity. Its use m 
frequently be delayed until the end-stage, when it is of small ’ 
and in the interval, substitutes must be employed. While this is 
in a general way, we must not overlook the occasional 
which early physical therapy can be employed with advantage. i 
tion of the fracture and immobilization of the joints can be just 
much overdone in fractures involving the leg as in those of the arm. 
applying physical therapy to the lower extremity, attention o 
paid to all the joints; the foot and ankle must not be neglected . 
treating the knee, nor should the knee be overlooked when IreanyS 
the hip. Also, greater emphasis is to be placed upon active exercises 
performed regularly by the patient than upon massage or passive 
mobilization. 


Fractures ot the Foot— The arches of the foot ate flexible insleati 
of rigid structures and depend for their support upon a balanced rela- 
tionship between the strength of the different groups of muscles. 
Kormally, the inverting or supinating muscles are stronger than ta® 
everting or pronating muscles, and tests of muscle strength show a 
ratio of 413 favor of the former. Weakening of the supinator muscies 
results in loss of support of the arch and pronation of the foot. Fra^' 
lures of the bones of the fool disturb its function not only by altera* 
lion of its skeletal structure but also by the inevitable weakening ol 
the muscles that results from immobilization or lack of use. When 
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weight bearing is resumed, the foot may pronate; and in the absence 
of proper support, ligamentous strain may result. 

It is therefore an important matter to guard against disabilities 
of the foot after any bony injury of the lower extremity. Shoes of 
ample size and proper shape should be fitted. In the beginning, sup- 
port of the arches may be necessary and may be provided by building 
up the inner side of the heel one-quarter inch or by fitting a padded 
leather insole or some other type of arch support. If there is flattening 
of the anterior arch, a leather metatarsal bar three-quarters of an inch 
wide and one-quarter inch thick may be nailed across the sole to re- 
lieve pressure upon the heads of the metatarsals, or an anterior foot 
cuff of leather may be employed. In addition, special foot exercises 
should be prescribed to strengthen the supporting muscles, the in- 
vertors and the toe flexors, A satisfactory group of exercises is as 
follows: 

1. Standing with the feet bare, rise slowly on the toes of both feet 
and down again. (lo limes.) 

2. Stand on small platform or a thick book with the toes project- 
ing over the end. Flex all of the toes downward strongly and return, 
(lo times.) 

3. Sitting, cross one leg over the opposite knee and petiorm circular 
rotating movements with the foot. Plantar-flex the foot, rotate the toes 
inward (invert), dorsiflex the foot, rotate the toes outward (evert) and 
plantar-flex. (A completely circular movement should be made ten 
times with each foot.) 

4. Roll a small tow’el lengthways, place it on the floor under the toes 
and curl the toes in plantar flexion over it, trying to grip and squeeze 
it. An alternative form of this exercise is to pick up a marble from the 
floor, grasping it with the flexed toes, lifting the leg, inverting the foot 
and dropping the marble in the hand of the opposite side. (Each exer- 
cise should be performed ten times with each foot.) 

Fractures of the Phalanges and Metatarsals.— Fractures of a 
single phalanx or of one metatarsal represent simple problems and sel- 
dom result in disability. Bony deformity is often lacking, but when 
present should be corrected by the closed method and the part 
splinted with felt strips or a cardboard roll fixed with adhesive plaster 
and bandage. Elevation is necessary to counteract swelling. Physical 
therapy is not indicated in the treatment. 

Multiple fractures of the phalanges and metatarsals resulting from 
crushing injuries are unfortunately fairly common and present more 
difficult problems. They are often compound and frequently necessi- 
tate the amputation of one or more toes because of circulatory impair- 
ment and gangrene. There is often gross displacement of the bones 
Such injuries require treatment by continuous traction obtained either 
by adhesive plaster fastened to the skin of the toes or by pins or wires 
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even complete .ankylosis ot one ol these imnLs, 

fiscil in the position ol oplhmim lunclion, constilules but a sma 

inaclical conclusion to he draivn from these S 

in tle.alinK will, fractures ot the lower esltemity, 
ctal aliRnnwnt nu»rc lmi>ort*inl Ih.in rcstorntlon 
mohiUty. This docs not mean to imply tlial one sliouUl not a 
restoration ot movement, hut that early ""’’’''1“’'™,?* ' ’..v .ims. 
lions should never be prescribe*! If U Involve* t!tc shjlhlcst r > 
lutbing Ihc alignment, rraciurts of the shafts of the jonR 
leg require a considerably longer period for comohdauon • 
of the arm, and until the union I* fairly firm there is alw3> • 
of displacement. For this reason It I* r.arely .safe 1° 
juries by massage and mobilization until consolidation ^ 
advanced. In respect to restoring function, duel reliance 
placed upon such mobilization as may be obialnwl m 
the traction-suspension melhcKi of treatment or upon the sii 
produced by the use of weight-bearing appliances. In 
massage and mobilization arc of chief benefit in fractures m 
the ankle and knee, but even here they must be employe 
certain safeguards and limitations. It therefore follows tlwt to 
of physical therapy in the treatment of fractures of the lo' ® ^ 

tremity is very different from that in Ihc upper catremity. Its use 
frequently be delayed until the end-stage, when it is of ‘ 
and in the interval, substitutes must be employed. While this b 
in a general way, we must not overlook the occasional pj^a- 

which early physical therapy can be employed with advantage, r • 
tion of the fracture and immobilization of the joinl.s can be jus 
much overdone in fractures involving the leg as in those of the arm- 
applying physical therapy to the lower c.xtremity, attention 
paid to all the joints; the foot and ankle must not be ncglecletl w 
treating the knee, nor should the knee be overlooked when ° 
the hip. Also, greater emphasis is to be placed upon active cxcrcue 
performed regularly by the patient than upon massage or possi 
mobilization. 


Fractures of the Foot— The arches of the foot arc flexible ‘nstead 
of rigid structures and depend for their support upon a balanced rela- 
tionship betw'een the strength of the different groups of 
Normally, the inverting or supinating muscles are stronger than t 
everting or pronating muscles, and tests of muscle strength show 
ratio of 4*’3 i” favor of the former. Weakening of the supinator muscle 
results in loss of support of the arch and pronation of the foot. Fr^** 
tures of the bones of the foot disturb its function not only by alters' 
tion of its skeletal structure but also by the inevitable weakening ^ 
the muscles that results from immobilization or lack of use. "When 
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three to six weeks. In addition, active exercises should be prescribed 
to mobilize the stiffened joints and develop muscular control and 
strength. These should include exercises for the knee and hip as well 
as for the foot and ankle. Progress is likely to be slow and depends a 
great deal upon the patient’s ability to cooperate. Recovery of func- 
tion in a period of six months is to be considered as an excellent 
result. 

Fractures of the Ankle. — Fractures of the ankle present a wide 
variety of clinical types and occur in varying combinations of fracture 
of one or both malleoli, or of the articular margins, diastasis of the 
tibiofibular junction, and displacement of the astragalus in the out- 
ward, inward, backward or upward directions. They may be accom- 
panied by no bony deformity or by very gross deformity. It is not 
within the scope of this article to discuss the classification of these 
injuries or to consider their surgical treatment in detail, but it is im- 
portant to point out that an exact diagnosis, not only in respect to the 
structures involved but also as to the mechanism by which the injury 
was produced, is the necessary cornerstone on which to build a sound 
plan of treatment. We will limit our remarks to a consideration of how 
the treatment of ankle fractures may be aided by physical therapy. 
To facilitate this purpose we will divide these injuries on the basis of 
the presence or absence of bone deformity. 

Fractures of the Ankle Without Displacement. — Many of 
the fractures of the ankle are accompanied by slight or no bony dis- 
placement. Such injuries are usually complete fractures, but the frac- 
turing force has stopped short of that necessary to rupture the liga- 
ments and the astragalus has remained in the ankle mortise. The most 
common injury in this group is the oblique fracture of the external 
malleolus resulting from external rotation of the foot. 

Many of these fractures have been overtreated, and in certain in- 
stances have been kept continuously immobilized for periods of many 
weeks. There is no necessity for prolonged fixation, and this only 
leads to lengthening of the disability period. On the other hand, it 
is not advisable to permit active use or direct weight bearing except 
in the very minor sprain-fractures where small flakes of bone have 
been torn off by the ligaments. In such cases the ankle can be pro- 
tected by an adhesive strapping and use permitted. 

For the most part, however, weight bearing would result in strain 
at the seat of fracture and would be productive of irritation and pain. 
In some cases it might lead to actual displacement The fracture should 
be protected by the application of a plaster casing holding the foot in 
a neutral position, and this should be split immediately to permit 
mobilizing treatment. A steel stirrup (Bohler) can frequently be in- 
corporated in the posterior half of the plaster, and walking may be 
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patient ten to fifteen times twice daily, and during the intcrv’als the 
plaster \vindow should be replaced and fixed with straps. 

The second alternative is to adopt the method of Bohler and apply 
an unpadded plaster casing fitted with a steel stirrup for weight bear- 
ing. This may be done either immediately after the reduction or only 
after the use of a padded casing for the first week or two, for the sake 
of safety. Walking in this plaster improves the circulation and con- 
tributes a good deal to the early restoration of function. In some in- 
stances both of these procedures may be combined. 

Generally the consolidation of the fracture is sufficiently advanced 
by the end of four weeks to permit the daily removal of the splints 
and treatment of the entire part by massage and mobilization. The 
treatment should be given on an average of three times a w'eek and 
should include both passive and assisted movements. Active exercises 
may be prescribed at the end of six weeks, preceded by contrast baths, 
and the splints may be discontinued. Unprotected weight bearing 
should not be permitted before the end of eight weeks; thereafter, 
active use and exercises are all that are needed to restore function. 


Fractures of the Bones of the Leg. — Fracture of the Fibula 
Alone. — Fracture of the shaft of the fibula represents a minor type 
oi injury, and we have never seen it give rise to any permanent dis- 
ability. It only requires protective splinting for a week at most — the 
period during which unrestricted activity of the leg would be produc- 
tive of pain. The displacement is unimportant and does not necessitate 
any attempt at reduction. It was in the treatment of this fracture that 
Lucas-Championniere made his trials of massage and mobilization with 
such brilliant results, and it is likely that the best results even now 
will be obtained by following his methods. JIassage and mobilization 
may be administered from the beginning, and after one week all splint- 
ing should be discontinued. Weight bearing may be permitted at the 
end of two to three w'eeks. 


Fracture of the Tibia Alone. — Fracture of the shaft of the tibia 
without accompanying fracture of the fibula Is a much less severe in- 
jury than fracture of both bones of the leg. The intact fibula limits 
the amount of displacement, and after reduction is accomplished be- 
comes a sustaining factor in helping to maintain reduction. But the 
very reason that makes it helpful in these two instances renders it 
an obstacle that must be overcome in securing reduction of a displaced 
fracture, since it prevents the effective use of traction in restoring 
alignment. IMien reduction is indicated, it can usually be accomplished 
by the closed manipulative method, but occasionally direct skeletal 
traction to the tibia or open reduction may be required The alien 
menl is usually maintained by the application of a plaster casine ex 
tending from the toes to the upper thigh. 
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FftACTURrs OF Tiir. Anku: with DisnMcr.Mr.ST. — lu trcati g 
turcs of the ankle with di-^placemcnl, the predominant 
careful reduction of the fracture with complete correction oi . 
formity. It may be positively stated that witliuul compldf 
the function of the ankle will nc\*er be 5 .Ttisfactor>*, Heduction « 
sought as early as possible after injury, and can usually W 3 
plished by traction and manipulation with tbc IJt.Tans 

Reduction is best maintained by the application of 
splints or casings. The foot should be fixed generally in the mx 
position (in the case of fractures by adiluction or tibial ncxion 
position of eversion) and with the ankle in extreme dorsincxion. ^ 
latter is of extreme functional Importance, for dorsiHcxlon is t j 
ered with great difficulty, particularly in the posterior 
fractures; and unless the ankle is brought up into the position of t>8 
angle flexion, or preferably above, there will always be a slight pc 
manent equinus, and this restriction of motion is likely 
accompanied by some pain and disability on use. 

The reduction of a previously displaced fracture of the ankle ma> 
readily be lost if the position of the fool is changed; therefore, »t 
highly dangerous to lift the ankle from the splints to permit C3T'> 
treatment by physical therapy. Under those circumstances <me mus 
resort to either one or another of two substitute procedures U any 
attempt is to be made to couniemct the effects of coniinuous imniobm- 
zation. The first is to cut out the anterior half of the plaster over the 
dorsum of the foot and ankle but leaving the posterior shell intact n 
hold the foot in the corrected position. This provides the opportundy 
for active movement of the foot in the directions of dorsifle-xion 
inversion, movements that do not endanger the reduction. The possible 
range of motion is small, but even a little movement is sufficient 1® 
activate the circulation, overcorne swelling, restore joint flexibility aao 
keep up muscle tone. The movements should be performed by the 
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deformity and permit active weight bearing. Physical therapy, con- 
sisting of radiant heat, deep stroWng massage and mobilization of 
both the passive and assisted types, will prove beneficial at this time. 
They should rarely be continued for more than six weeks; after this 
time progress is to be obtained chiefly by use and active exercises. 

Injuries in the Region of the Knee. — The quadriceps extensor 
muscle plays an important part in maintaining function of the knee 
joint through the attachment of its crureus portion to the superior 
prolongation of the joint capsule. The muscle has the duty of main- 
taining tension on the capsule and of preventing the development of 
relaxation folds which might interfere mechanically with joint move- 
ment. From the physiologic point of view, a healthy quadriceps muscle 
is a necessity for normal knee joint function. Following any injury 
to the knee joint, especially when immobilization is employed, there 
occurs a rapid and marked wasting of the quadriceps muscle. Even 
though healing of the injured structure is obtained, impairment of 
knee-joint function will persist until the normal power of the quadri- 
ceps is regained. Treatment to develop the quadriceps is of the 
greatest importance after any injury of the knee joint and should 
be continued as long as atrophy of the thigh can be demonstrated by 
measurement. It should begin at the earliest possible moment with 
quadriceps setting exercises performed too to 200 times a day. As 
soon as movement can be permitted, these should be supplemented by 
assisted and active motions of flexion and extension. In the con- 
valescent stage, exercises against resistance should be prescribed, in- 
cluding extension of the knee against gravity, push-up exercises with 
the knees from the squatting position, extension against the resistance 
of the weight and pulley, and finally active work with the rowing 
machine. 

Another feature to be guarded against in the treatment of injuries 
in or about the knee joint is stretching of the capsule from the dis- 
tention of effusions, whether serous or sanguineous. Such stretching 
causes capsular relaxation and may be a factor in delaying recovery 
after healing of the injury has been obtained. It is more likely to 
occur in cases of chronic effusion. For this reason it is important to 
relieve and prevent distention by aspiration, repeated if necessary 
whenever joint effusion is a feature of injury. Absorption of fluid 
from the knee joint is also hastened by massage and mobilization 
(Bauer ®°). In the treatment of knee-joint injuries one should apply, 
when possible, the principles of relief of effusion by aspiration and’ 
early mobilization as the best means of conserving function 


Fractures of the Tibial Tuberosities —Fractures of the upper 
end of the tibia extending into the knee joint have become v£v 
common owing to the prevalent height of automobile bumpers Thev 
most frequently implicate the lateral tuberosity and mav be acenm 
panied by fracture, of the upper end of the fibula or “^he sMoJ 
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four weeks, when (he consolidation fs irmcrally far enough 
to permit handling (he limb in safely. In the interim the tvcigh^ar- 
ing plaster fitted with a steel walking stirrup may frc<iucntly w cni' 

Radiant heal, massage, passive and active mobiliration will 
quired for a pcciml of awiut four weeks after the rcmoiul oi l 
plaster, to stimulate the circulation and nclivalc the ® 

Joints. Active weight bearing without protection may usually he pe * 
mitted at the end of eight svccks, following which there is ^ 
for other phj'sical therapy than active cscrcbcs to restore strength- 


Fractures op Rotk Dokm op tiik Lpcs. — The ircatmcnl of lec- 
tures of both bones of the leg often rcprc-scnts a difficult 
Frequently compound, often comminuted and grossly displaced, ana 
exhibiting a marked tendenej* to delayed union or nonunion, cwei 
emphasis in the treatment ol these fractures must be uiw" 
prevention of infection, safeguarding the soft parts from additional 
damage, restoration of normal alignment and obtaining bony uniom 
Physical therapy must be relegated to a minor role until the ap 
paratus can be removed with safety. Certain of these frarturw 
be treated successfully by the method of dosed reduction and plaster 
fixation, but the number Is small. In the comminuted and obhq« 
fractures, alignment can be restored and maintained only by me 
use of direct skeletal traction with a pin or wire through the heci 
or lower end of the libia, the extremity being suspended in a Thom^ 
splint. The transverse and spiral fractures arc often best treated oy 
open reduction with fixation of the fragments by screws, plates or 
bands. 


With reduction so difficult to obtain and maintenance of align";''!* 
so precarious, it is inadvisable to attempt early massage and mobili- 
zation. For functional stimulation of the extremity, reliance must be 
placed upon the use of traction and suspension instead of complete 
fixation, and the opportunity this affords for limited mobilization 
of the articulations. One must also be quick to employ weight-bear* 
ing appliances such as caliper braces and tvalking piasters. Con- 
solidation may require a period of from eight to sixteen tveeks or 
even longer, and it is only when the union is solid that massage an" 
movement may be started As « 3 „,,y py ih' 

end of eight weeks, a caliper brace, carefully fitted with a 1'n‘kf 
cuff supporting the re^on of fracture, should be applied. Use is 
best means of 5‘™n'n‘'ng the circulation and of promotiog union, and 
such a brace will protect even a mobile fracture sufficiently to prevent 



Injuries in Region of Knee 81 

stroking massage and relaxed motion. Following reduction, the 
splinted extremity should be suspended in slings from an overhead 
frame to secure the advantages of elevation. If necessary the plaster 
cast can be split, the anterior half removed and the leg exposed to 
continuous radiant heat. 

Although in the treatment of fractures with displacement phpical 
therapy may be started at the end of three to four weeks, splinting 
should be continued until six to eight weeks after injury to guard 
against recurrence of the deformity. In the interval, treatment by 
radiant heat, massage, relaxed and assisted motion should be con- 
tinued systematically, the hands of the technician being used to sup- 
port the leg during the movements in a manner to prevent any strain 
at the seat of injury. After fixation of the extremity is no longer 
necessary, the patient should be allowed to begin to get about with- 
the aid of the caliper brace. At this time chief emphasis should 
be placed upon active and resisted exercises, but massage and pas- 
sive movement should be continued as long as swelling of the knee 
persists and knee function remains impaired — usually not longer 
than four months from the time of injury. 

In the case of fractures that are treated in suspension and trac- 
tion with early movement, massage of the knee and thigh may be 
administered from the start and should usually be continued on al- 
ternate days until the apparatus is removed. Mobilization should 
be done by the patient, but the surgeon should supervise this closely 
to be sure that the exercises are being performed regularly and that 
the range of knee motion is improving. As a rule no difficulty is 
experienced, the patient quickly gaining confidence and making rapid 
progress. The leg is left suspended in the splint for a period of four 
to eight weeks, depending upon the type of fracture and the degree 
of comminution. After the removal of the apparatus the treatment 
is the same as that described above for fractures with displacement. 


Fractures of the Femoral Condyles. — Fractures of the con- 
dyles of the femur may be divided into two groups. The first group 
is made up of fractures of small fragments of bone evulsed from the 
medial surface of the internal condyle, or the lateral surface of the 
external condyle, by the pull of one of the lateral ligaments of the 
knee joint. The second group is composed of the severe intercondylar 
fractures associated with transverse fracture of the shaft of the 
femur in the lower third. 


The first group represents fairly insignificant injuries and with 
proper treatment almost never results in any disability. The fracture 
is in reality a variant of rupture of one of the lateral ligaments and 
the treatment should be modeled along the same line. A plaster casintr 
extending from the ankle to the groin should be applied with the 
knee in a position of about 30 degrees flexion in order to secure 
relaxation of the ligament. The displacement is generally slight and 
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considered. If manipulation is performed, it should be done gently 
without any attempt to restore more than a partial range of mo- 
tion; otherwise it will be followed by an excessive inflammatory 
reaction in the tissues about the joint that will prevent progress. 
Several partial manipulations at Intervals of one month are better 
in restoring motion than one complete manipulation. Care should be 
taken to protect the seat of fracture by firm support under the 
femoral condyles. Treatment by physical therapy should be resumed 
beginning one to two days after the manipulation. As quickly as the 
patient’s condition warrants, exercises on the rowing machine should 
be prescribed. At the end of 14 weeks, chief reliance should be 
placed upon active exercises, and thereafter time and active use are 
the chief remedies. 


Fractures of the Patella. — The treatment of fractures of the 
patella varies, depending upon the type of fracture and the amount 
of separation of the fragments. 

Fractures Without Displacement . — ^The patella may be fractured 
without separation or with only slight displacement of the fragments. 
The number of such Injuries is small, but nevertheless it represents 
a definite type. The fracture may consist of a transverse or vertical 
crack, or it may be considerably comminuted. The lateral expansions 
of the quadriceps are untorn and serve as ligaments to hold the 
fragments together. Such fractures are usually best treated by the ap- 
plication of a plaster casing extending from the ankle to the groin or 
by a posterior splint with the knee in the position of full extension. 
When a casing is used it should be immediately split and the halves 
retained in position by straps. With such protection, weight bear- 
ing may be permitted from the beginning. Treatment by physical 
therapy should he started as soon as possible after injury, the 
splints being removed every day or on alternate days for this pur- 
pose. It should consist in the application of radiant heat, superficial 
massage and relaxed motion. Active e.xercises may be started at the 
end of two weeks and unprotected weight bearing at the end of four 
weeks 


Fractures with Separation . — The most common type of injury of 
the patella is the transverse fracture located at the junction of the 
lower and middle thirds and accompanied by considerable separation 
of the fragments. There may be a greater or lesser degree of com- 
minution, and the lateral expansions of the quadriceps are severely 
lacerated The best method of treatment of these fractures is by 
open operative repair of the torn ligaments with approximation and 
suture of the fragments. Without operative treatment bony union 
cannot be obtained, both by reason of the separation of the fragments 
and also because of the interposition of frayed out tendon fibers 
between the fractured surfaces. Preferably nonabsorbable suture ma- 
terial, such as fascia lata or wire, should be used to fix the fragments 
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reduction is not required. Weight bearing in the plater cast may 
be permitted from the beginning, and no other physical therapy is 
needed until the splint is remov^, usually at the end of about six 
weeks. Afthis time the use of radiant heat, massage, and active ana 
resisted exercises should be begun, and active use encouraged. As a 
rule, there is no interruption to the rapid recovery of function. 

The intercondylar T fractures of the femur are a very oineieu 
class of injuries and include some of the most severe 
that may be encountered. They usually result from a ^ fall on t 
flexed knee. The lower end of the shaft of the femur is fractnte , 
the end of the proximal fragment is driven into the distal one, spi- 
ting the condyles and not infrequently is pushed forward into 
suprapatellar pouch and out through the quadriceps 
• the production of a compound wound involving the knee joint, inc 
is extensive soft part damage and hemorrhage; the -fvts 

severe shock. The most skillful surgical treatment is required it 
life and limb are to be saved. Under such circumstances 
therapy can have no part in the treatment until long after wee 
the fate of the extremity has been decided, and one may begin 
think of restoring function. As a matter of fact, knee stiffness o 
some degree is inevitable and will have to be accepted as the necessaiy 
consequence of the extensive soft part damage and scar tissue t«* 
mation. The only question will be concerning the amount of mouw 
that can be saved. 

Intercondylar fractures of the femur are usually best treated by 
skeletal traction by means of a wire or pin passed through the uppe 
end of the tibia at the level of the tubercle, the limb being sus- 
pended in a Thomas splint, ivith the knee partially flexed. Continuous 
heavy traction in the axis of the thigh usually brings about promP^ 
realignment of the fragments with satisfactory restoration of 
contour of the condyles. Treatment in traction and suspension musr 
be continued for a period of at least six weeks. During the penw 
of treatment in apparatus it is impossible to do much toward re 
storing knee function, although motion of the ankle and hip 
be mamtamed. A caliper brace fitted with a lock joint at the knee 
should bo adjusted at the end of eight weeks and weight bearing 
permitted. 

Treatment by physical therapy can only be started when all ap- 
^ralus has been removed, usually at the end of six to eight weeks. 
It should be applied as intensively as possible during the first three 
or fiiur sTOks to make up for past neglect. It should include radian 
heat, light and deep massage to the calf and thigh, with spceia 
lre.;itntent of the scarrerl muscles, followed by passive, assisted and 
active 'he 'inee. ireful records sLuld be kept show.^ 

the iuLl !■?' 'hree months no marked 

gam IS noted the adniahilily of overcoming some ot the adhesions 
by forcible pas i\e flexion, with (he patient anesthetized, should be 
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considered. If manipulation is performed, it should be done gently 
without any attempt to restore more than a partial range of mo- 
tion; othernise it Vr-ill be followed by an excessive inflammatory 
reaction in the tissues about the joint that null prevent progress. 
Several partial manipulations at intervals of one month are better 
in restoring motion than one complete manipulation. Care should be 
taken to protect the seat of fracture by firm support under the 
femoral condyles. Treatment by phj'sical therapy should be resumed 
beginning one to two days after the manipulation. As quickly as the 
patient’s condition warrants, exercises on the rowing machine should 
be prescribed. At the end of 14 weeks, chief reliance should be 
placed upon active exercises, and thereafter time and active use are 
the chief remedies. 


Fractures of the Patella. — ^T he treatment of fractures of the 
patella varies, depending upon the tjTpe of fracture and the amount 
of separation of the fragments. 

Fractures Without Displacement . — ^The patella may be fractured 
without separation or with only slight displacement of the fragments. 
The number of such injuries is small, but nevertheless it represents 
a definite t>'pe. The fracture may consist of a transverse or vertical 
crack, or it may be considerably comminuted. The lateral expansions 
of the quadriceps are untorn and serve as ligaments to hold the 
fragments together. Such fractures are usually best treated by the ap- 
plication of a plaster casing extending from the ankle to the groin or 
by a posterior splint with the knee in the position of full extension. 
XS’hen a casing is used it should be immediately split and the halves 
retained in position by straps. With such protection, weight bear- 
ing may be permitted from the beginning. Treatment by physical 
therapy should be started as soon as possible after injury, the 
splints being removed every day or on alternate days for this pur- 
pose. It should consist in the application of radiant heat, superficial 
massage and rela.\ed motion. Active e.xercises may be started at the 
end of two weeks and unprotected weight bearing at the end of four 
weeks. 


Fractures with Separation . — ^The most common type of injury of 
the patella is the transverse fracture located at the junction of the 
lower and middle thirds and accompanied by considerable separation 
of the fragments. There may be a greater or lesser degree of com- 
minution, and the lateral expansions of the quadriceps are severely 
lacerated. The best method of treatment of these fractures is by 
open operative repair of the torn ligaments with approximation and 
suture of the fragments. Without operative treatment bony union 
cannot be obtained, both by reason of the separation of the fragments 
and also because of the interposition of frayed out tendon fibers 
between the fractured surfaces. Preferably nonabsorbable suture ma- 
terial, such as fascia lata or wire, should be used to hit the fragments 
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Physical therapy is ot great aid in the postoperative t'c 
fractures of the patella. When osteosynthesis has been 
fascia lata or wire, the knee should be supported by soi 
only. During the first week no particular effort need be 
mobilizing the knee, as the patient will do this naturally as ^ 
operative reaction subsides and the soreness wears away. c-sgi 
the incision has healed, usually at the end of seven days, s pe 
massage can be administered, followed by passive lateral 
of the patella and relaxed movement of the knee. Active q jr 
setting exercises should also be prescribed. The application o 
heat can be added at the end of two weeks, and daily actw . 
cises of flexion and extension of the knee should be performeo- 
weight bearing can be permitted at the end of four weeks, ana 
after recovery of strength and motion is chiefly dependent 
active exercises and use. 

Fractures of the Shaft of the Femur. — Fractures of the 
the femur are extremely severe injuries, and in adults are frequ J 
followed by some permanent impairment of function in spile oi 
very best treatment. In children below the age of fifteen j 

results are much more favorable. There is usually extensive . 

the soft parts even though the fracture escapes being made 1 

The reparative process leads to adhesion of the quadriceps 
muscle to the callus so that the muscle becomes fixed and catjno 
extend with consequent restriction of the range of knee flexion. 
is the common cause of the stiffness of the knee that is so freqoenuy 
seen after fracture of the femoral shaft. j 

There is usually gross displacement of the fragments with market 
overriding due to the shortening action of the powerful thigh mus- 
cles. To overcome the displacement, it js necessary to treat the 
ture by continuous heavy traction, and this is usually obtained uy 
means of skeletal tongs applied just above the femoral condyles or 
by a pin or wire passed through the lower end of the femur. Ine 
leg is usually suspended in a Thomas splint with the knee partial^ 
flexed on a hinged knee appliance fixed to the splint. The alternative 
method of treatment IS by open operation with internal fixation^ oi 
the fragments by a bone plate and screws or other fixative dewce. 
This method is applicable only in the transverse or oblique fractures, 
not in the comn^uted fractures. Following operation, the leg 
be splinted m a Thomas sphm with light traction or in a plastet-of- 
paris spica casing ConsoudaUon of the fraclUTC proceeds slowly ana 
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is rarely firm before the end of seven to eight weeks, and may require 
considerably longer. Until union is solid the leg must be kept splinted. 
When weight bearing is begun, protection must be provided in the 
form of a caliper brace. Active use of the leg is desirable at as early 
a moment as possible for its stimulating effects upon the formation 
of callus, the circulation and muscles. The use of a caliper brace 
should be prescribed as a therapeutic procedure, usually at the end 
of eight to ten weeks. 

Physical therapy has to play a secondary role during the active 
phase of treatment of a fractured femur. The necessity of securing 
anatomic reduction is predominant, and without this, only imperfect 
function can be expected. The difficulties of securing reduction and 
the dangers of losing position are so great that it would not be jus- 
tifiable to tamper with the apparatus for the sake of attempting early 
mobilization of the joints. On the other hand, with treatment by 
traction and suspension, movement of the ankle and hip is permitted 
from the beginning; and when traction is obtained by means of tongs 
or pins fixed directly to the lower end of the femur, it is possible 
to begin passive mobilization of the knee at the end of three to four 
weeks without danger of disturbing the alignment of the fracture. In 
addition, the use of skeletal traction has the advantage of leaving 
exposed for treatment by gentle massage a large part of the surface 
of the limb. 

For these various reasons the use of physical therapy in fractures 
of the femur depends chiefly upon the interest and attention of the 
surgeon in charge. When the fracture Is treated by skeletal traction 
wth the leg suspended in a Thomas splint, the administration of 
light superficial massage to the thigh and lower leg should be started 
at the end of two weeks. Regular active exercises of the ankle and 


foot may be started from the beginning. After three to four weeks, 
passive mobilization of the knee may be performed systematically 
each day within the limits permitted by the apparatus. When the 
fracture has been treated by osteosynthesis by means of a bone plate 
and screws, preference should be given to the use of traction and 
suspension in the after-treatment instead of a plaster spica. From 
the standpoint of promoting the recovery of function, the former 
method has great advantages and permits full benefit to be obtained 
from the firm operative fixation of the fracture. Massage of the 
thigh and lower leg, and exercise of the ankle and knee may be ad- 
ministered from the end of two weeks. Mobilization of the hip is 
obtained from the beginning by the changes in the position of the 
patient’s body in bed. Fixation of the leg in a plaster spica on the 
other hand, for the full period of eight weeks that is usually neces 
sary, IS completely destructive of function, and following the removal 
of the plaster a long and often painful course of mobilizing and 
stimulating treatment will be necessary to restore function 
Following the removal of the retentive apparatus, usually at the 
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end of about eight weeks, massage of the deep stroking type should 
be employed together with passive and assisted movement. Active 
exercises of flexion and extension of the knee should be prescnoea 
and performed regularly at home by the patient. A caliper once 
fitted with a lock joint at the knee, to permit fle.xion of the knee 
when sitting, should be adjusted. With the protection of the brace, 
weight bearing on the leg may usually be allowed at the end o en 
to twelve weeks. This must usually be worn for a period oi two 
three months. During this time the patient should continue to wor 
with the active exercises in order to increase the range of knee nexio , 
to mobilize the muscles and increase their strength. These 
should include lying on the face, and flexing and extending the kne , 
sitting on the edge of a table and swinging the knee ^ 
tension against the pull of gravity and dropping it again, and 
of standing holding on to the back of a chair vvith the hands, squat i o 
down on the heels and straightening up again. After the oisco - 
tinuance of the caliper brace, the exercises of the knee may . 
sisted with advantage by the use of apparatus such as the 
and pulley attached to the foot, the rowing machine or stations^ 
bicycle. The range of knee motion increases slowly with u 
over a long period and rarely reaches a complete standstill before me 
end of two years. In the average case, however, with adequate ea y 
functional treatment, one may expect to obtain a range of knee mohon 
of 90 degrees by the end of six months. 


Fractures of the Region of the Hip.— I ntertrochanteric Frac- 
tures OF THE Femur— Fractures of the femur between the trochan- 
ters or along the intertrochanteric line are encountered most It 
quently in elderly people and more commonly in women than 
The age factor complicates the treatment and makes it more difficult 
to secure complete restoration of function. The fracture itself is 01 
a iairly benign character and because of its situation in cancellous 
bone, where the blood supply is abundant, presents no problem m 
respect to obtaining bony union. Bony deformity may be slight or 
well marked. It takes the form of a bending of the neck at its junc- 
tion with the shaft, ascent of the greater trochanter and the pro- 
duction of distinct coxa vara. There is shortening of approximately 
one inch or more and some degree of permanent outward rotation of 
the leg as well. 

r and this can be readily accom- 

^ Hn continuous traction, the leg being sus- 

nf obtained by the 

application of adhesive plaster to the skin of the lower leg and thigh, 
but this involves fixation of the knee in the extended position for a 
period of approximately six weeks, a period aSe W enough in 
elderly persons to tension stiffness ot’The kne^that 1 difficult to 
overcome. Such stiffness can be prevented by the Le of skeletal 
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instead of adhesive traction. The danger to the patient from the in- 
sertion of Kirschner’s \vire in the lower end of the femur is almost 
negli^ble, and the advantage of skeletal traction in permitting regular 
mobilization of the knee joint is so great as to more than counter- 
balance the risk. A hinged knee appliance should be attached to the 
Thomas splint to support the lower leg, and a cord should be rigged 
leading over pulleys to the end of the movable leg-piece in such a way 
that the patient can extend or flex the knee by working the cord. 
Motion of the hip is obtained with the shifting of the position of the 
patient’s body in bed, and the alignment of the fracture is not dis- 
turbed, being maintained by the constant traction force. In addition, 
the foot should be supported by a foot-rest, or suspended from an 
overhead pulley by means of an adhesive strip to the plantar surface 
and a small weight. Thus nearly ideal conditions are produced for 
maintaining joint function during the period of treatment. 

The chief obstacle to carrying out the ideal method of treatment 
of these fractures, however, is the feeble condition of many of the 
patients. This makes it unsafe to employ a method that necessitates 
keeping the patient constantly in the dorsal recumbent position be- 
cause of the danger of hypostatic pneumonia, bed sores and other 
difficulties. When these complications appear imminent, it is fre- 
quently the better policy to apply a plaster-of-paris spica casing, fixing 
the hip in a position of wide abduction and maintaining traction by 
means of adhesive strips applied to the leg with the free ends fixed 
solidly in the plaster at the level of the ankle. This method of splinting 
permits the patient to be turned face down as frequently as necessary 
to counterb^ance any tendency torvard hypostatic congestion of the 
lungs and to relieve pressure on the sacrum. The fixation of the knee, 
however, is likely to give rise to obstinate stiffness, and this should 
be combated. This may be done by employing the method described 
by Krida, which consists of the removal of the posterior half of the 
plaster from the knee to the toes as a lid. The anterior portion of 
the leg-piece remains attached to the spica and maintains the position 
of the hip. ^\Tien the patient is turned face down, however, the pos- 
terior plaster shell can be removed, and this permits the knee to be 
flexed and extended and the ankle to be exercised. This procedure 
can be used at the end of two •weeks when it is no longer necessary 
to maintain traction and the strips can be freed. 


When the patient is treated by skeletal traction no formal treatment 
by physical therapy is indicated until after the removal of the appa- 
ratus, but the surgeon should be careful to see that the patient mobil- 
izes the knee and ankle regularly. Union is usually solid in six to 
eight weeks, and at this time the splints can be removed and treatment 
by massage, passive and assisted movement begun. The use of a 
caliper brace to protect the fracture and prevent shortening is often 
advisable, and this should be worn for four to eight weeks Durine this 
period the use of radiant heat, deep stroking massage passive and 
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fitted\vith a lock joint ‘“if^fetSa of tbe bt®, 

when sitting, should be adjusted.^ tht promc 


when sming, shouia uc aojubteu. r 

weight bearing on the kg may usually be a ‘ o( tvro to 
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of 90 degrees by the end of six months. 


Fractures of the Region of the Hip.-— I ntertoochante 
tubes of the Femur. — F ractures of the femur between i 
ters or along the intertrochanteric line are jn men. 
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The age factor complicates the treatment and makes it mo 
to secure complete restoration of function. The fracture ^ ® ^gHous 
a fairly benign character and because of its situation m 
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the advanced age of many of the patients. The shock of the injury, 
the exhausting effect of pain or of the narcotics given to relieve it, 
the liability to hypostatic pneumonia and pressure sores added to their 
frequently debilitated state create a set of conditions from which a 
certain number succumb in spite of the best treatment. 

The method most widely advocated for securing reduction of the 
fracture is that originated by \\Tiitman.®‘ This consists in manipulat- 
ing both hips, \vith the aid of traction, into a position of wide abduc- 
tion and internal rotation. Anesthesia is generally necessary. Following 
the manipulation, the hip is fixed in the reduced position by the appli- 
cation of plaster of paris either in the form of a long single spica 
extending from the toes to the costal border or of a double spica 
extending on the injured side from the toes to above the pelvis and 
down the opposite side to the knee. The double spica secures more 
perfect fixation of the hip than the single spica, and at the same time 
makes it possible for the patient to be turned more easily and to flex 
the spine more readily in sitting, and for these reasons is to be pre- 
ferred. It seems dangerous to apply plaster spicas to these elderly 
patients, but it usually proves quite the contrary in practice. The 
problems of handling the patient and of nursing care are greatly 
simplified. The patient can be moved without pain, turned regularly 
on the face and propped up in bed with the shoulders elevated. This 
counteracts any tendency to the development of hypostatic pneu- 
monia, permits care of the back and prevents bed sores. It may prove 
to be a life-saving procedure in many cases. 

Immobilization has to be maintained for a minimal period of twelve 
weeks on account of the slow process of healing. Following the re- 
moval of the plaster a caliper brace to protect the fracture and at the 
same time permit weight bearing must be worn for a further period 
of three to six months. End-result studies show that even with this 
long period of treatment, good results are achieved in only about sixty 
per cent of the cases. It is doubtful whether actual bony union is 
obtained in as large a number as this These figures are disappointing, 
and they are stimulating surgeons throughout the world to find im- 
proved methods of treatment. Open reduction is being tried amon» 
other experiments, and the method originated by Smith-Petersen of 
employing a flanged nail to secure internal fixation of the fracture has 
yielded encouraging results. It seems likely that the final word has 
not yet been said in respect to the best method of treatment of frac- 
tures of the neck of the femur. Until this can be spoken however the 
WTiitman method still remains the accepted standard and should be ' 
applied as literally as possible. 


Physical therapy cannot be employed in the treatment of fractures 
of the neck of the femur until at a late period because of the necessitv 

0 avoidmg even the slightest motion at the hip. Passive mobilization 

01 the knee by the method of cutting out a posterior lid from the lev 
pieee can be started at the end of six or eight weeks. The knee shoufd 
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active cKcrciscs is of aid in restoring function, but not neccssarj’ ii 
the cooperation of the patient can be elicited in active use of the leg 
and in carrying out exercises. 

Fractures of the Neck of the Femur. — ^There is scarcely a 
more difficult problem in surgery than that of the treatment of frac- 
lutes of the neck of the femur. Although this injury is encountered 
chiefly in elderly women, it is not confined to that group, and examples 
of it may be seen in both sexes and at all «Tges from childhood up- 
There are many obstacles in the way of achieving good functional 
results. One of the chief ones is the difficulty of obtaining bony union 
In considering this question it is important to differentiate 
the fractures through the narrow part of the neck or close to the head, 
the so-called inlracapsular fractures, and the fractures through the 
base of the neck, the so-called extracapsular fractures. The attemp 
to distinguish bet\veen these fractures on the basis of their situstmu 
in respect to the capsule is not accurate, as injury implicates the join 
in both types. We prefer to use the more exact terms subcapital, trans- 
cervical and basal in describing the fractures. 

The importance of the anatomic situation of the fracture lies in ns 
relation to the blood supply to the head of the femur. In the trans* 
cervical or subcapital fractures, the blood supply to the pro-xiinai 
fragment is likely to be completely interrupted except for that wmw 
IS conveyed through the ligamentum teres. In elderly persons jw 
latter source is generally inadequate for nutritional needs and tw 
head frequently dies. In addition, the neck of the femur is m* 
vested only uith a covering of periosteum and synovial membrane, 
and enveloping soft parts fiom which granulation tissue may SP«”° 
to aid m callus formation are lacking. Consolidation must proceea 
entirely from the elements within the bone and often only fro*” 
m the distal fra^ents. Under these conditions healing of the fracture 
B pcecanous and may fail a„ti,dy in many cases in spite of the W 
treatment. The only chance of obtaining bony consolidation 
obtammg complete teduction of the Iracture with close approsimatw 
of the injured surfaces and m holding the fragments firmly fised tj*' 
out any movement between them for a minimai period of three 
months On the other hand, in the fractures at the base of the nec^k 
the conditions are much more favorable for healing. Parts or all of fM 
capsular ligaments through which blood supply feaches the ne* f 
the temur remain attached to the proximal frl™ent, and ample 
nutrition is iBsured, In addiUon the adjacent soft tissues provide a 
source for extra osseous callus formation, which may be of great a>^ 
in brinpng ahont consohdation. Clinical observa“on confirms these 
“TrmLTn’ ttaCalT ““o" ^ Obtained with grra 

“S'tU thUsSpinr"''^' 

A further difficulty in the treatment of these fractures arises froto 
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the advanced age of many of the patients. The shock of the injury, 
the exhausting effect of pain or of the narcotics given to relieve it, 
the liability to hypostatic pneumonia and pressure sores added to their 
frequently debilitated state create a set of conditions from which a 
certain number succumb in spite of the best treatment. 

The method most widely advocated for securing reduction of the 
fracture is that originated by WTiitman.®* This consists in manipulat- 
ing both hips, wth the aid of traction, into a position of wide abduc- 
tion and internal rotation. Anesthesia is generally necessary. Followng 
the manipulation, the hip is fixed in the reduced position by the appli- 
cation of plaster of paris cither in the form of a long single spica 
extending from the toes to the costal border or of a double spica 
extending on the injured side from the toes to above the pelvis and 
down the opposite side to the knee. The double spica secures more 
perfect fixation of the hip than the single spica, and at the same time 
makes it possible for the patient to be turned more easily and to flex 
the spine more readily in sitting, and for these reasons is to be pre- 
ferred, It seems dangerous to apply plaster spicas to these elderly 
patients, but it usually proves quite the contrary in practice. The 
problems of handling the patient and of nursing care are greatly 
simplified. The patient can be moved without pain, turned regularly 
on the face and propped up in bed with the shoulders elevated. This 
counteracts any tendency to the development of hypostatic pneu- 
monia, permits care of the back and prevents bed sores. It may prove 
to be a life-saving procedure in many cases. 

Immobilization has to be maintain^ for a minimal period of twelve 
weeks on account of the slow process of healing. Following the re- 
moval of the plaster a caliper brace to protect the fracture and at the 
same lime permit weight bearing must be worn for a further period 
of three to six months. End-result studies show that even with this 
long period of treatment, good results are achieved in only about sixty 
per cent of the cases. It is doubtful w'hether actual bony union is 
obtained in as large a number as this. These figures are disappointing, 
and they are stimulating surgeons throughout the world to find im- 
proved methods of treatment. Open reduction is being tried among 
other experiments, and the method originated by Smith-Petersen of 
employing a flanged nail to secure internal fixation of the fracture has 
yielded encouraging results. It seems likely that the final word has 
not yet been said in respect to the best method of treatment of frac- 
tures of the neck of the femur. Until this can be spoken, however, the 
Whitman method still remains the accepted standard and should be ’ 
applied as literally as possible. 

Physical therapy cannot be employed in the treatment of fractures 
of the neck of the femur until at a late period because of the necessity 
of avoiding even the slightest motion at the hip Passive mobilization 
of the knee by the method of cutting out a posterior lid from the leg- 
piece can be started at the end of sLx or eight weeks. The knee should 
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active exercises is of aid in restoring function, but not necessary if 
the cooperation of the patient can be elicited in active use of the leg 
and in carrying out exercises. 


Fractures of the Neck of the Femur. — There is scarcely a 
more difficult problem in surgery than that of the treatment of frac- 
tures of the neck of the femur. Although this injury is encountere 
chiefly in elderly women, it is not confined to that group, 
of it may be seen in both sexes and at all ages from childhood up. 
There are many obstacles in the way of achieving good functiona 
results. One of the chief ones is the difficulty of obtaining bony union 
In considering this question it is important to differentiate 
the fractures through the narrow part of the neck or close to ' 
the so-called intracapsular fractures, and the fractures . 

base of the neck, the so-called extracapsular fractures. The attemp 
to distinguish between these fractures on the basis of their 
in respect to the capsule is not accurate, as injury implicates 
in both types. We prefer to use the more exact terms subcapital, trans- 
cervical and basal in describing the fractures. . . 1 , 

The importance of the anatomic situation of the fracture m 
relation to the blood supply to the head of the femur. In the trans- 
cervical or subcapital fractures, the blood supply to the 
fragment is likely to be completely interrupted except for that wn en 
is conveyed through the ligamentum teres. In elderly persons jc 
latter source is generally inadequate for nutritional needs and 
head frequently dies. In addition, the neck of the femur » in- 
vested only wth a covering of periosteum and synovial membrane, 
and enveloping soft parts from which granulation tissue may spring 
to aid in callus formation are lacking. Consolidation must 
entirely from the elements within the bone and often only from tbose 
in the distal fragments. Under these conditions healing of the frac 
IS precarious and may fail entirely in many cases in spite of the best 
treatment. The only chance of obtaining bony consolidation 1^^® 
obtaining complete reduction of the fracture with close approximation 
of the injured surfaces and in holding the fragments firmly fi«'> 
out any movement between them for a minimal period of 
months._On the other hand, in the fractures at the base of the neck 
favorable for healing. Parts or all o 
'■ which blood supply reaches the nec' 

.... , ^ to the proximal fragment, and nmP 

nutrition is assured. In addition the adjacent soft tissues provide n 
source for extra osseous callus formation, which may be of great 
m brmpng about consolidation. Clinical observation confirms these 
anatomic considerations and shows that union is obtained rvith grea 
uniformity m the basal fractures, and that they present no great 
problem from Inis standpoint. 

A further difficulty in the treatment of these fractures arises from 



Fractures of Spine 


Chapter 51 ni 
Volame Hi 


the ribs in the position of complete expiration, the shoulders droop 
forward, and the abdominal wall is relaxed and paunchy. This is a 
position of strain, and the back tires more easily than normally. Back- 
ache may or may not become evident as long as the patient remains 
in normal health, just as foot symptoms may be absent for long 
periods when the plantar arch is flat and the foot pronated. The 
mechanics of the spine are bad, but the individual is still able to com- 
pensate and there is satisfactory function. Compensation becomes 
increasingly difficult ^vith the lapse of years, and the reserve grows 
smaller. The ability to compensate may be disturbed by an injury 
of the vertebral column or by weakening of the muscles from pro- 
longed lack of use during the period of treatment. Recovery from 
the effects of the injury may be delayed by excessive strain thrown 
on the spine as a result of faulty attitude, or the patient may complain 
of pain which he attributes to the injury when in reality it is caused 
by postural strain, the injury itself having healed. 

The longer the body has been used in a position of faulty posture, 
the more difficult it is to secure correction. The ligaments and muscles 
have adjusted themselves to the incorrect position, and the deformity 
has become structural instead of remaining functional. Improvement 
of posture can still be obtained but only at the expense of considerable 
effort. When function is resumed following recovery from a vertebral 
injury, it is important that the spinal mechanics should be as favorable 
as possible, and this condition can be realized only when all postural 
defects have been remedied. It is therefore the part of wisdom to 
combine postural correction with the treatment of fractures of the 
spine whenever possible, 

^Vhen fixation of the spine is indicated, this is to be accomplished 
by the use of plaster shells or jackets which hold the spine as nearly 
as possible in the corrected position, that is, with the dorsal spine 
h5T3erexlended, the lumbar spine flattened and the pelvis tilted as little 
as possible. When spinal braces are used, these should be fitted in such 
a way as to aid in postural correction. When fixation is unnecessary 
and recumbent treatment suffices, or in the convalescent period after 
the removal of retentive apparatus, a definite regime of corrective 
positions and exercises should be prescribed. Boards should be intro- 
duced between the springs and mattress to provide a firm, flat bed. 
The patient should be instructed to lie in the hyperextended position 
for a period of thirty minutes, two or three tim^s a day, in order to 
stretch the contracted muscles and ligaments. This is a position in 
which the patient lies on the back with a pillow placed transversely 
under the scapulae and upper dorsal region and with the shoulders 
abducted and the hands clasped behind the neck, the knees beinc 
slightly flexed and supported by a pillow. ® 

The following exercises should be performed with the patient re 
cumbent: 
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be exerdsed regularly each day rvhen the fe 

face. Irr spite of this maneuver, ’'“"'''"'J'l'”' is® finally removed, 
iniured teg presents a problem when the , ' j .1,. w 

The venous and lymphatic circulation L (he effects ol 

becomes greatly of the thigh and 

previous arthritis, is stiff and pamtiil; the „nsiderabiy 

lea ate atrophied and weak; and the function of the p 
inWd. Treatment by radiant heat to the knee 
ficiat and deep of the leg and thigh, »"■' P^X-dstered on aiternatc 
tion of the ankle, knee and hip should be removal of the 

days for a period of approximately one micht to have 

retentive apparatus. At the end of this time the (jg 

progressed sufficiently with walking and active o without addi- 
able to continue to improve by means of his own etfor 
tional treatment. 


FRACTURES OF THE SPINE 

Functional Considerations. — ^It is of fundamental 
the treatment of all bony injuries of the spine. the 

type, to strive to obtain as perfect weight-bearing teduc* 

vertebral column as possible. This refers not only to nQggitjle, 
lion of bony deformity at the seat of fracture when this i P 
but also to stretching the spinal ligaments and and 

porting muscles so that the fully erect posture may^ be a^u 
maintained. The fully erect posture is to the spine 
\veight-bearing lines are to the foot. It is the position m wn 
weight-thrust of the body is most easily supported, and m w 
least strain is thrown upon the spinal ligaments and articu 
In the fully erect posture the normal anteroposterior uq^v 

spine are flattened; the head is held erect in alignment with . q [ 
and with the chin pulled in; the chest is elevated in a 
moderate inspiration; the abdominal muscles are contracted u ’ 
and the axis of the pelvis is only slightly tipped. The balance oi 
body is easily maintained by the stay-like action of the psoas, re t 
intercostal and scaleni muscles in front and by the glutei and sac 
spinalis muscle groups behind. Lateral tilting is controlled and p 
vented by the action of the lateral oblique, psoas and quadra 
lumborum muscles. 

Unfortunately, partly as a result of the deforming pull of 
and partly due to inattention on the part of the Individual and w 
of proper training, the body is rarely held in a good mechanical posi- 
tion; in fact, poor posture is the rule. This is characterized by 
exaggeration of the normal anteroposterior curves of the vertebra 
column with fonvard inclination of the neck, rounded kyphotic de- 
formity in the dorsal repon, marked lumbar lordosis and marked til - 
ing of the pelvis. The chm protrudes anteriorly, the chest is flat wit 
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5. Good standing position, hands on hips, pull abdomen in; head 
up, stretch body tal\; breathe deeply, raising chest; exhale by 
drawing abdomen in and up. 

6. Good standing position, heels four inches from wall; hips, 
shoulders and head touching wall; flatten back by drawing ab- 
domen in and up. 

7. Good standing position, feet apart, weight well forward and on 
outside of feet, abdomen in, back flat, head up, chin in, hands 
clasped on top of head, elbows back, bend upper part of trunk 
to side; alternate. 

8. Same position. Turn upper part of trunk to side; alternate. 

9. Good standing position, raising arms forw'ard upward, rise on 
toes; stretch tall; breathe deeply; lower arms sideward down- 
ward; lower heels; exhale. 


Fractures of the Vertebral Bodies. — Fractures of the spine 
may be classified according to xvhether they involve the vertebral 
bodies or the accessory processes of the vertebrae such as the trans- 
verse or spinous processes or the laminae. Of these, the first group is 
the more serious, not only because of the possibility of an associated 
injury of the spinal cord, but also because the fracture menaces the 
weight-bearing mechanism of the spine. Injury of the spinal cord is a 
grave complication, and except for the few cases with partial or 
incomplete lesions in which recovery occurs, is accompanied by perma- 
nent paralysis of greater or lesser degree affecting all the spinal seg- 
ments distal to the point of injury. Injury of the spinal cord is, 
however, the exception and not the rule in fractures of the vertebral 
bodies, contrary to what used to be taught. This has been revealed 
by the more frequent roentgen-ray examinations made in patients with 
back injuries- Studies of the late results of spinal fractures without 


cord injury, however, have shown that they frequently give rise to 
later functional impairment which may be almost as distressing from 
the economic point of view as paralysis is from the physical. 

Fractures of the vertebral bodies are generally produced by the 
compression of one or more bodies between the adjacent vertebral 
bodies in accidents involving the transmission of force in the long axis 
of the spine, combined with forcible flexion of part of the spine. The 
rnost frequent site for compression fractures is the dorsolumbar junc- 
tion, the point at which the relatively fixed dorsal part of the column 
joins with the movable lumbar portion. As a result of the compressing 
force, the cancellous structure of the centrum crumples, producing a 
wedge-shaped deformity, the body being narrower at the anterior than 
at the posterior border Generally as the body is crushed it mush- 
rooms out and becomes broader than normal. All degrees of ’deformity 
may be encountered, varying from slight to severe. The more sevei 
tms produce definite kyphosis of the spine at the point of injury 
Treatment has for .ts objectives the correction of bony deformity, 
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I, Lying, hands at back of neck, chin in, back flat, breathe deeply, 
raising chest. Hold chest and exhale by drawing abdomen in and 
up; relax abdominal muscles to inhale. 

а. Same position. Pull lower abdomen in; relax. 

3. Same position. Knees bent, flatten back against floor by pulling 
abdominal muscles in and up. 

4. Lying flat, stretch whole side, pulling ribs apart; contract side 
abdominal muscles; relax; alternate. 

5. Same position. Hug one knee; bend other knee over chesh 
straighten leg; lower slowly, keeping abdominal muscles puileo 
in and back flat. 

б. Hands on ribs. Breathe deeply, spreading ribs; hold ribs out 

and exhale by drawng abdomen in and up. . 

7. Lying face prone, hands on side, contract back muscles and raise 
head and shoulders from the bed. 


When the patient can sit ivithout the necessity of protection, tlic 
following exercises may be given: 

1. Sitting tall, hands on hips, head up, chin in, back fiat, breathe 

deeply, raising chest. Hold chest up; exhale by drawing abdomen 
in. . 

2 . Same position. Hands clasped on top oi head; elbows bach, pti 
lower abdomen in; relax; repeat. 

3. Same position. Stretch one whole side; relax; alternate. 

4. Lie face down over edge of table, feet on floor, hands clasped 
back, head back, chin in, roll shoulders bach, lifting head and 
upper part of spine; relax; repeat. 

5 Sitting tail, head up, chin in, abdomen in, back flat, hands 00 
hips, bend upper part of trunk to side; alternate. 

6. Same position. Turn upper part of trunk, to side; alternate. 

7. Same position. Hands clasped on top of head, elbows back, 
breathe deeply pulling chest up; hold chest up; e.xhale by draw- 
ing abdomen m. 


When convalescence is still further advanced, a combination list 
exercises may be given as follows: 

J'-Ushfi rW-‘’h flat, breathe deeplyi 

mid up ^ ^ ***'“’= drawing abdom™ m 

" ^rd‘u^^” floor by 

3. Same position. Hug ''-flfgXSbt; lowet 

slowly, keeping abdominal muscle. Zm j - f ti.l 

?ee?'w'‘5k''Krd“'afeJ“‘ "ahead wdgtt ™ outside of 

KnS“ch bSr.air^ ® 
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5. Good standing position, hands on hips, pull abdomen in; head 
up, stretch body tall; breathe deeply, raising chest; exhale by 
drawing abdomen in and up. 

6. Good standing position, heels four inches from wall; hips, 
shoulders and head touching wall; flatten back by drawing ab- 
domen in and up. 

7. Good standing position, feet apart, weight well forward and on 
outside of feet, abdomen in, back flat, head up, chin in, hands 
clasped on top of head, elbows back, bend upper part of trunk 
to side; alternate. 

8. Same position. Turn upper [wrt of trunk to side; alternate. 

9. Good standing position, raising arms forward upward, rise on 
toes; stretch tall; breathe deeply; lower arms sideward down- 
ward; lower heels; exhale. 


Fractures of the Vertebral Bodies. — Fractures of the spine 
may be classified according to whether they involve the vertebral 
bodies or the accessory processes of the vertebrae such as the trans- 
verse or spinous processes or the laminae. Of these, the first group is 
the more serious, not only because of the possibility of an associated 
injury of the spinal cord, but also because the fracture menaces the 
weight-bearing mechanism of the spine. Injury of the spinal cord is a 
grave complication, and except for the few cases with partial or 
incomplete lesions in which recovery occurs, is accompanied by perma- 
nent paralysis of greater or lesser degree affecting all the spinal seg- 
ments distal to the point of injury. Injury of the spinal cord is, 
however, the exception and not the rule in fractures of the vertebral 
bodies, contrary to what used to be taught. This has been revealed 
by the more frequent roentgen-ray examinations made in patients with 
back injuries. Studies of the late results of spinal fractures without 
cord injury, however, have shown that they frequently give rise to 
later functional impairment which may be almost as distressing from 
the economic point of view as paralysis is from the physical. 

Fractures of the vertebral bodies are generally produced by the 
compression of one or more bodies between the adjacent vertebral 
bodies in accidents involving the transmission of force in the long axis 
of the spine, combined with fordble flexion of part of the spine. The 
most frequent site for compression fractures is the dorsolumbar junc- 
tion, the point at which the relatively fixed dorsal part of the column 
joins with the movable lumbar portion. As a result of the compressing 
force, the cancellous structure of the centrum crumples, producing a 
wedge-shaped deformity, the body being narrower at the anterior than 
at the posterior border. Generally as the body is crushed it mush 
rooms out and becomes broader than normal. All degrees of deformitv 
be encountered, varying from slight to severe. The more severe 
tj-^s produce defin.te kyphosts of the spine at the point of injury 

Treatment has for tts objectives the correction of bony deformity 
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fixation of the spine in the corr«:ted position during the period of 
healing, and finally, restoration of function. Reduction of the de- 
formity is to be accomplished by extreme hyperextension of the spine. 
This may be done by forcible manipulation with the patient anesthe- 
tized or gradually by the use of a hyperextension frame on whidi 
the patient lies, the curve of the spine being increased from day to day. 
As soon as complete reduction is obtained, a plaster-of-paris jacket 
is applied extending from the pelvis to the axillae and maintaining 
the hyperextended position. With a carefully molded and close-fitting 
jaclcet, the patient may be allowed to be up and about, and the general 
physiology benefits from this activity. The possibility of recurrencf 
of the deformity should be guarded against by roentgen-ray examina- 
tions from time to time. The plaster jacket should be w'orn for a period 
of about eight weeks. Following its removal, either a leather or cdlu- 
loid corset or a spinal brace should be fitted and worn for an mci- 
tional three to four months. This is necessary because the cancellous 
bone of the centrum does not solidify rapidly, and under slight strain 
might give way with recurrence of the deformity. , 

Treatment by physical therapy may be started as soon as 
plaster jacket is removed. Little benefit is to be obtained from tw 
^ rsdiant heat or from massage of the back because o 

the deep situation of the fracture In the dorsal and lumbar 
The part of physical therapy is rather to build up and develop tw 
muscular supports of the spine, and to lay a foundation for gow 
spinal function by training the patient to carry his body in f}’®. 
posture. With correct treatment of fractures of the vertebral bodies 
beginning immediately after injury and carried through to the en i 
complete functional recovery may be expected. In cases 
nature of the injury is not discovered until late, and therefore in 

inadequate, the operation of spinal fusion msy 
be indicated later for the relief of pain 


Accessory Processes 


; Vertebrae.- 


accessory processes of the 
recesses. These are encounter^ 


The most common fractures of the 
tebrae are those of the 
almost exclusively in 

'Sumr FSe'ma ’jf and aTe ^ 

trauma, l-racture may be produced by direct trauma as from a blo^' 

To the Ss^Lse nrf Arougr.hTmuscles attached 

the processes may be involved nr, same sid . 

accompanied by no displacement orhi!' .*■ j Ae 

from the proximal iragment a disnl separation of th 

union betiveen the fragments o'.fl'ch 

placement is usually encountered '“Possible This type of 
of the processes. ™ “scs with multiple fractures 
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There is lack of agreement as to the best method of treatment of 
fractures of the transverse processes. Some surgeons advocate fixation 
of the spine by the application of plaster-of-paris jackets, while others 
decry the necessity of immobilization. It is our own opinion that the 
fracture is insignificant and that the accompanying soft part injury 
is the more important. There is no available means of correcting 
displacement of the fragments so that in the cases with wide separa- 
tion where bony consolidation is bound to fail, it seems the better 
policy to employ treatment as for a soft part injury only. The muscu- 
lar attachments to the transverse processes are so extensive that if 
fracture has been produced without displacement there is no likelihood 
of separation occurring later, and the fracture will consolidate as 
well without fixation as with it provided that the patient is kept quiet. 
As a matter of fact, observation of the late results in patients who 
have been treated by recumbency but without immobilization sho\vs 
that they make perfect recoveries and are able to perform heavy work. 
We therefore favor keeping the patients recumbent for a period of four 
weeks but avoiding the use of retentive apparatus except when indi- 
cated by a complicating fracture of the vertebral body. 

The application of radiant heat and of the superficial type of 
massage over the injured flank is beneficial and may be started one 
to two days after the injury. At the end of two weeks a regime of 
postural correction may be started. Active exercises should be pre- 
scribed for the abdominal, sacrospinalis and gluteal muscle groups. 
Additional e.xercises of flexion and h)rperexten5ion of the hip should 
be given to activate and stretch out the iliopsoas muscle, w’hich is 
presumably involved in scar tissue. AH movements that provoke pain 
should be avoided. At the end of four weeks the patient may be 
allow’ed to be up and about w'ithout protection. Standing exercises of 
the postural type should then be started. Recovery of function gener- 
ally occurs rapidly and uneventfuliy. In the rare case where pain 
persists, particularly if there has been wide separation of one of the 
fragments with failure of bony union, excision of the loose fragment 
may be indicated. 

Fractures of the spinous processes and laminae are relatively un- 
common and, as a rule, must be treated on the basis of individual 
indications. The fractures without displacement usually require treat- 
ment by fixation for a period of about four weeks. In the case of 
displaced fractures it may be necessary to e.xpose the injury by oper- 
ation and to remove the loose fragment. 


Fracture-Dislocations of the Cervical Spine.— The injuries 
of the cervical spine are much more varied than those of the dorsal 
and lumbar region and include dislocations, fracture-dislocations and 
simple fractures It is not mtUn our province to consider the treat- 
ment of the dislocations, which is described elsewhere Fractures in 
the cervical region may be of the typical compression type with wedge 
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shaped deformity of the vertebral body, but more commonly are o( 
the fracture-dislocation type with disruption of the intervertebral 
cartilage and anterior displacement of the body of one vertebra upon 
another. The dislocation is generally accompanied by the evulsion 
of a triangular bony fragment from the anterior superior border of 
the vertebra below the seat of injury, or there may be a slight com- 
pression fracture at this point. There may also be an associated frac- 
ture of the laminae of one of the vertebrae. In addition, fracture of 
the odontoid process wth anterior or rotary dislocation of the atlas 
on the axis constitutes a special type of injury. Cord injury is a much 
more frequent accompaniment of cervical fractures than it is of frac- 
tures in the lumbar and dorsal region. \^0ien paralysis is present it is 
usually of the distressing quadriplegic type, and it is almost always 
fatal after a longer or shorter time. 

Correction of deformity is to be obtained by the application of 
traction to the head \vith the neck in the position of hyperextension. 
This may be accomplished gradually by continuous traction with head 
halter, cord, pulley and weight, or it mqy be done rapidly by^ the 
application of heavy traction to the head with the patient anesthetized. 
In either case, as soon as reduction is obtained, a plaster-of-parjs 
jacket of the C^ot type should be applied extending from the pelvis 
to the chin and including the occiput. This insures maintenance of 
correction, and ^vith it the patient may be allowed to be up and about 
as soon as the general condition permits. 

, ,r • usually be worn for a period of about four weeks, 

following which a leather Thomas collar extending from the chin 
to below the shoulders is fitted. This should be worn for a further 
period of four to eight weeks. 

Treatment by physical therapy cannot be started until the end of 
about eight weeks from the time of injury. At this time the collar 
K treatment of the neck, the patient 

being recumbent. Baking of the neck by radiant heat, and massage 
of the posterior muscles of the neck are usefuUn oreparing the way 
mobilization here is dangerous and 
should not be employed. Active lying exerdses of the neck in flexion, 

tameTdair'SsT prescribed to be per- 

formed daily. These are necessarv to niobiIize*^the stiff joints and 
to build up the strength of the muscles so that they may sipport the 

"ilt®!!! moDortio°n t^the“iV should be discontinued gradu- 

ally in proportion the gam of strength of the neck muscles in order 
to avoid fatigue. The active exerdcipc cii,., muscies, ^ 

rveakness and discomfort have be?„ ole™™ 
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CHAPTER SIX 


PRINCIPLES OF PHYSICAL TREATMENT OF THE MUSCLE- 
TENDON SYSTEM, TENDON SHEATHS AND BURSAE 

John D. Ellis, B.S., M.D, 


Introduction 

It is necessary, for the purposes ot treatment, to think of the muscle 
tendon as a single organ composed of a parenchyma and a stroma. 
The muscle parenchyma consists of cylinders, each approximately 
inches long and o 05 inch in diameter. Each cylinder has an elastic 
sheath of stroma — the sarcolemma. The cylinders are bound together 
into bundles by the perimysia interna. Larger bundles are enclosed by 
the coarser connective tissue septa, the perimysia externa, which, in 
turn, are continuous externally with the aponeurosis enclosing the 
entire muscle and the vaginal sheath of the muscle group. It is thus 
evident that the parenchyma of the muscle is enclosed in a reticulum 
of stroma, just as the parenchymatous organs of the abdomen are, and 
it is easily seen how “cirrhosis” of a muscle can occur from fibroplasia 
and subsequent contraction of this stroma after injury or disease. This 
does occur in the course of muscle healing, and it is of prime impor- 
tance, in the physical therapy of the muscles, to prevent this sclerosis. 
All physical treatment of muscle is directed, first, toward the stroma to 
prevent or alleviate fibrosis, and secondly, toward stimulating the 
neuromuscular or vasomotor arch, which will be discussed later. It is a 
matter of grave doubt whether (he parenchyma of the muscle can be 
favorably affected directly and wiihoul the intervening factor or nerve 
impulse by any treatment, except as this therapy mechanically removes 
metabolites of the muscles into the lymphatics and capillaries, brings 
arterial blood to the muscle cells, or removes edema or hemorrhagic 
accumulation. The stroma of a muscle is attached to the tendon, and, 
for our purpose, the tendon is simply the stroma drawn out and con- 
solidated so that the force of the contracting muscle can be concen- 
trated on a small area of bone. In all the muscles inserted directly into 
bone, without the intervention of a tendon — as, for example in most 
of the axial muscles and such appiendicular muscles as the deltoids and 
the gluteals— additional power of contraction is obtained at the expense 
of leverage and velocity. ISIackenzie speaks of the “muscularity” of 
these muscles, compared wlh those which are largely tendinous, such 
as the tibiahs anticus, peroneal group, and long muscles of the forearm 
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and fingers. The amount of “muscularity” determines the rapidity of 
regeneration of the parenchyma and the difficulty of reeducation after 
paralysis. The greater the proportion of stroma, the more the tendency 
to fibrous contraction of the stroma after muscle trauma or inflamma- 
tion and subsequent ischemia and pressure atrophy of the parenchyma, 
After injury, all connective tissue displays the tendency to subsequent 
fibrous contraction, while parenchymatous tissue, like the muscle 
cylirider, tends to proliferation and regeneration with use, without dis- 
playing subsequent contraction, Carey says, "Muscle tissue (paren- 
chyma) is a sensitive indicator, or tensiometer, recording the degree 
of remittent tension or work to which it is subjected.” Hence, all 
physical treatment of muscle aims at either the prevention or allevia- 
tion of fibrosis, or the stimulation of the regeneration of muscle 
parenchyma by motion. 



Fw. i Instrtlon of muscle into tendon (after Macienrie). 
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reestablishment of muscle function is neurologic — not myologic — has 
found apt expression in a series of articles by Bankart. The mechanism 
of the reflex muscle arc of Sherington has thus a practical implication 
for the physical therapist. He must realize that every muscle contrac- 
tion or stimulation is responsible for an afferent impulse to the cord, 
which is reflected out through eflerent impulse to the muscle under 
treatment. Each time we pinch, stroke, or handle a muscle group, a 
stream of impulses is reflected back to the part where they .were 
aroused, and also to the opposing muscle groups. Thus muscle stimula- 
tion is actually nerve stimulation. For clinical purposes, it seems rea- 
sonable to assume that this motor response to the stimulation of 
striated muscle is exhibited in two types of activity: 

1. The quick, phasic and transient response seen in the execution 
of motion. 

2 . The slow, prolonged, tonic contraction, exhibited particularly by 
the antigravity muscles, which controls the postural activity of the 
muscles of the lower extremities and trunk of man, and to which 
Sherington applied the term “plastic tonus.” 

Muscle Tone. — Sherington has also shoum that this postural activ- 
ity starts a proprioceptive reflex which, arising in the muscle itself, is 
best stimulated by muscle stretching. This gives us a scientific indica- 
tion for the use of muscle stretching and resisted motion in the 
reestablishment of muscle tone by physical therapy after the tonus has 
been broken by, for example, powerful and prolonged traction on an 
extremity for the treatment of fracture. It furnishes argument for 
resisted exercise versus massage in these conditions. The theory that 
plastic tone is subserved by the sympathetic nerves alone is not, at 
present, proved to be exact. Kanavel, Pollock and Davis — and later 
Ransom and Hinsey — could delect no significant loss of tonus in the 
decerebrate animal when sympathetic denervation was performed. The 
importance of this mooted question to the physical therapist is involved 
in the question as to whether the caloric stimulation of a part which 
it is well known, affects the vasoconstrictor apparatus, or the vaso- 
dilatory mechanism, is capable also of aiding in the reestablishment 
of muscle tonus. 

Muscle tone or tonus is, in the words of Sampson Wright, “one of 
the most misused terms in physiology, and a sharp definition 's essen- 
tial. It is usually defined as a state of slight, constant tension, which 
is characteristic of all healthy muscle and serves to obviate the muscle’s 
taking up slack when it enters upon its contraction.” But, as he points 
out, this explanation is inadequate, as tone is not uniformly dis 
tributed in all muscles, and the latency of toneless contraction is less 
than i/ioo of a second. 


Decerebrate Rigidity.-JIuch light has been throtvn upon the 
rationale of the prevention of contracture in paralyzed muscles and the 
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practical considerations to be observed in the restoration of function, 
by studying the mamnnalian preparations “dcccrcbralcd” by 
tion through the hind part of the mldbrain. In such animals, the limbs 
are rigidly extended, the mouth closed, the neck in opisthotonos, whiJe 
the back is arched and the tail raised. The position of the limfas is 
difficult to alter, and the muscles, on palpation, are firm and contracted. 
When placed on its legs, the animal will remain standing. This posiuon 
is maintained reflexly. If the posture nerve roots corning from a iim 
are severed, the rigidity at once disappears from the limb. The rigidi y 
is, therefore, reflex. If the limb is skinned, rigidity persists. It is rea- 
sonable to assume, therefore, that the afferent impulse of the rene 
originates in the deep structures, i.e., the muscles, tendons, 
the nerves to the muscles of an extremity, e.xccpt, for instance, 
the quadriceps, are cut, only the tone in this muscle remains. lo» 
nerve to the quadriceps is, of course, a mixed one, containing 
afferent fibers from special sense organs in the muscle spindles • 
the tendons and motor fibers. It seems clear that the tone of ^ 
depends, primarily, on impulses arising in the muscle itself. » e nave 
here a somewhat unfamiliar type of reflex whose purpose it is to 
tain postural tone. We are particularly concerned with the reflex 
the maintenance of position, because it affects the muscles ot tje 
extremities unequally—that is, it is manifested in those muscles wwen 
counteract gravity and prevent the animal from sinking to the grouno- 
The muscles which are found contracted in the decerebrate preparauon 
are termed the “anligravity” muscles. This purposive and coordmateQ 
reflex affects also the muscles antagonistic to the antigravity muscles 
by reciprocally inhibiting their contraction. 


Decerebrate Rigidity in Man.— Decerebrate rigidity of an extrem- 
ity is produced in man by brain lesions, temporary or permanent, 3 
the same level as those produced in experimental animals, and also^ y 
unilateral or bilateral lesions of the pyramidal tracts. The practical 
application of splints to prevent contracture and deformity in fees 
lesions depends on a comprehension of the distribution of these postu« 
reficKra. W hile the position of the legs in man, with the knees extended 
and the ank es plantar flexed (extended), corresponds to the position 
of the hind legs in the decerebrate animal, the position of the arms is 
difierent. The arms of man, not used in locomotion, have changed in 
postural reflex pattern. The arms are drawn across the chest, ivilh 
forearms part, afly flexed. The forearms are somewhat pronated, and 
the wrists, thumbs and fingers are flexed. One recognizes here the 
position of the end-result commonly seen in hemiple^a, in which no 
protective fP' "‘mg of the weaker muscles has been employed and no 
other Pl-f ™‘>'«nken. This position in man is due to the 

release of a function of the lower brain, uninhibited by the function o 
the ted nucleus which is concerned with the maintenance of normal 
body posture and normal muscle tone. It is the center lo?^te “righting 
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Myostatic or Stretch Reflexes 

reflexes,” by means of which the body is restored to its original posi- 
tion after it is displaced or after loss of equilibrium. These reflexes 
must return before equilibrium and coordination are restored after 
muscle or muscle-nerve arc impairment. This is the most urgent argu- 
ment for active coordinated remedial exercises in muscle and tendon 
rehabilitation and retraining. 


Myostatic or Stretch Reflexes. — ^The return of normal “plastic 
tone” to antigravity and other muscles of the lower e.xtremity, and to 
those muscles of the arm displaying this phenomenon after disease or 
injury of the muscle, partial or temporary damage of the reflex arc, or 
long and powerful traction in the treatment of fracture, can, in part, 
be accomplished by the stimulation of the stretch reflex. The physi- 
ology and method by which this reflex is therapeutically elicited is 
interesting. In the decerebrate dog, Liddell and Sherington found that 
a reflex response producing a contraction of 2 Kg. tension could be 
produced by a stretch of a few millimeters, i.e., less than one per cent 
of the initial length of the muscle. As the stretch is applied, rapid 
development of tension occurs. As an evenly applied pull is e.xerted, 
an increasing number of receptors in the muscle are successively 
brought into action and, reflexly, an increasing number of muscle fibers 
contract. While the stretch is maintained, more or less steady motor 
response is elicited without fatigue for as long as one-half hour. This 
action results in metabolic activity in the muscle and is a functional 
stimulation of the muscle. This type of muscle stimulation appears 
quite similar to the muscle rigidity of the abdominal wall reflected 
over the segmental representation of the innervation of the inflamed 
intraperitoneal viscus. It is also quite analogous to the therapeutic 
effect of the spasm elicited in the erector spinae muscles and the quad- 
ratus lumborum by kneading or stretching these tonically contracted 
muscles in an arthritic spine or a spine presenting trauma to the joint 
capsules and ligaments. 

Had Hugh Thomas understood the sound physiologic basis upon 
which the practice of passive motion and manipulation now rests, he 
would not have uttered that pronouncement which, backed by the 
weight of his great prestige and authority, has retarded the develop- 
ment of physical treatment and, especially, scientific massage, manipu- 
lation and passive motion among the orthodox profession, even till 
the present time, and fostered the development of schools of peripatetic 
“bone setters.” The full quotation of his momentous dictum is as 
follows: 


“For many years after the commencement of my experience in 
i^urgery, I had the opportunity of observing the practice of those who 
had acquired a good reputation for skill as successful manipulators 
I have resorted to these performances, and for many years believed 
that my interference assisted recovery. Long ago I have! from a more 



complete knowledge, confirmed by crucial tests, so selected them that 
I cannot find suitable cases upon which / would perform the deception 
known as passive motion. And whereas in the early days I believed 
that much aid was given in recovery by passive motion, now I know 
by well-attested facts that some of my marvels of my past practice had 
been marred by tlie very treatment I was so proud of.” 

This view, from so celebrated an authority, formulated and un- 
remittingly reiterated for the 15 years following 1875, substantiated 
the enduring opinion inculcated in the mind of the British 
practitioner by John Hilton’s notable volume, “Rest and Pain,” based 
on his principle of treatment b •.* /i - -lanipulation. 

He had, from 1853 fo *878, ‘ ‘ . preached a 

system of therapeutics in which exercise, active ana passive, kad no 
more place than massage or manipulation. The principles of Hilton 
and Thomas are still strongly operative in America in influencing ^ 
old-style regular practitioner against physical therapeutic measures. 

The Vasomotor Reflex Arc. — Besides the conception of tie 
muscle-neural arc as a single apparatus, a motor system, we are con- 
cerned with another reflex mechanism — the vasomotor reflex ar , 
which controls the supply of blood to the muscle and is impaired m 
efficiency in muscle subjected to accident or disease. The practic^ 
qiiestion arises as to the best means of maintaining health in a 
which IS paralyzed (the muscle-neural arcs are disturbed) until 
restoration of nervous control. Suppose the efferent moiety of the arc 
IS interrupted. In the early stages of degeneration of this paralyj^ 
muscle, massage (which is not a stimulus to muscle repair, but 
stimulus to the neural arc) cannot be expected to do anything bui 
harm if the arc is entirely interrupted. This muscle is as much m neefl 
of rest as a fractured bone. 

The question immediately arises, first, as to whether there is 
satisfactory means of stimulating the vasomotor mechanism; and 
secondly, whether stimulation o! this arc will have a beneficial effect on 
.‘I paralyzed muscle. 

nlkWH hi 'maim ''a^omotor arc is intact, something can be 
phshed in maintaining the metabolism of the damaged muscle “nb* 
the voluntary control returns. The application of thermal stimulation 
aids in mamtammg arterial supply and venous return in the muscle- 

Physiolopr of the Painful Muscle.-It is of course, common 

It"ir he®hoofoUheT ™scre’ is painful on motion- 

It 15 the hope of the physical therapist to relieve this pain by ttea*' 
ment. The origin of this muscle paiu is apparSy twoWd: 

1. Spastic contraction of thp ? . ■ • rlinical 

conditions is generally admitted'^The m as Rny 

naud’s disease well illustrates this "'‘"'ral entity knoivn as mj 
the pain have been satisfact:,;^^^^— d ^ol^^SST.he 
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attacks of arterial spasm. Odermatt regarded spasm of the arteries 
as quite similar to intestinal colic. He found that sudden distention 
of the arterioles produced painful sensations. Where irritating sub- 
stances were injected into arteries, no pain was produced unless the 
irritant reached the capillaries. He concluded that, under these circum- 
stances at least, the impulses giving rise to pain arose in the capil- 
laries and not in the larger vessels. Odermatt proved, furthermore, 
that painful sensations are produced by distention of arteries, regard- 
less of their size. He believed that capillaries manifested sensibility to 
changes of caliber — both dilatation and contraction. Intravenous in- 
jections of salvarsan or uroselectan, as is well known, cause pain 
during the puncture of the vein wall and, if the wall is damaged and 
becomes spastic, painful sensations may persist for long periods. 
Stimulation of the perivascular sympathetic plexus is probably re- 
sponsible for this phenomenon. However, different arteries are found 
clinically to respond differently to obliteration by surgical ligation. 
All arteries are not equally sensitive to the compression resulting from 
trauma. Ligation of the superior thyroid artery often causes pain 
radiating to the lower jaw, while ligation of the inferior thyroid is 
notably painless. Odermatt found that ligation of the common carotid, 
iliac and part of the mesenteric supply was painful. He found that 
some arteries which were sensitive to ligation were painful when dis- 
tended. The true paths of the afferent painful impulses from the 
muscles are not entirely established. It seems definitely established, 
however, that these impulses pass through fibers connected with the 
posterior root ganglia of the spinal cord and are no different from 
sensory nerves elsewhere in the body; they simply happen to travel in 
the same sheaths with so-called sympathetic nerves. In the same 
sympathetic trunks, the efferent vasoconstrictor fibers may pass down 
to the vessels. Vasodilatation is probably not so simple a reaction as 
vasoconstriction. Lewis has convincingly demonstrated that dilator 
fibers may be present in the sensory nerves and not act directly on the 
vessel, but cause the liberation in the tissues of a histamine-like body, 
the “H'substance,’' which dilates capillaries by a direct chemical ac- 
tion on their muscle walls. 


2. Muscle ischemia, either from vascular spasm or pressure on the 
blood vascular system of a muscle by edema, extravasation of blood, 
or the cellular products of inflammation, may cause pain on active 
motion. Lewis finds that pain may develop in contracting muscle, even 
without arterial spasm. His observations lead to the view that the 
stimulus causing pain is determined by some chemical or physio- 
chemical agency within the mass of muscle. When a muscle contracts 
a release of metabolites occurs within the fibers, and, obviously these 
may diffuse and cause the painful stimulus. Histamine, or the “H- 
substance,” is also liberated in injured or inflamed muscle This mav 
te the sttmu aling agent At any event, a stintulatlon of the absorptio^ 
by the circulation of metabolites or hislamine-Iike substances, or the 
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of rest as a fractured bone. is 

The question immediately arises, first, as to ^ud 

satisfactory means of stimulating the vasomotor mec pu 

secondly, whether stimulation of this arc will have a benei 
metabolism of the flaccid and paralyzed muscle. accom* 

Fortunately, if the vasomotor arc b intact, something ca 
plished in maintaining the metabolism of the damaged ..jpulatio” 
the voluntary control returns. The application of thermal s j^ygcle. 
aids in maintaining arterial supply and venous return m tn 
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Physiology of the Painful Muscle. — It is, of motion. 

knowledge that the traumatized, inflamed muscle is painful on 
It is the hope of the physical therapist to relieve this pa"^ ^ 
ment. The origin of this muscle pain is apparently twofold: ^ 

I Spastic contraction of the peripheral arteries in certain c 
conditions is generally admitted. The clinical entity known as 
naud’s disease well illustrates this phenomenon. The exacerbauo 
the pain have been satisfactorily demonstrated to correspond 
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attacks of arterial spasm. Odermatt regarded spasm of the arteries 
as quite similar to intestinal colic. He found that sudden distention 
of the arterioles produced painful sensations. Where irritating sub- 
stances were injected into arteries, no pain was produced unless the 
irritant reached the capillaries. He concluded that, under these circum- 
stances at least, the impulses giving rise to pain arose in the capil- 
laries and not in the larger vessels. Odermatt proved, furthermore, 
that painful sensations are produced by distention of arteries, regard- 
less of their size. He believed that capillaries manifested sensibility to 
changes of caliber — both dilatation and contraction. Intravenous in- 
jections of salvarsan or uroselectan, as is well known, cause pain 
during the puncture of the vein wall and, if the wall is damaged and 
becomes spastic, painful sensations may persist for long periods. 
Stimulation of the perivascular sympathetic ple.xus is probably re- 
sponsible for this phenomenon. However, different arteries are found 
clinically to respond differently to obliteration by surgical ligation. 
All arteries are not equally sensitive to the compression resulting from 
trauma. Ligation of the superior thyroid artery often causes pain 
radiating to the lower jaw, while ligation of the inferior thyroid is 
notably painless. Odermatt found that ligation of the common carotid, 
iliac and pari of the mesenteric supply was painful. He found that 
some arteries which were sensitive to ligation were painful when dis- 
tended. The true paths of the afferent painful impulses from the 
muscles are not entirely established. It seems definitely established, 
however, that these impulses pass through fibers connected with the 
posterior root ganglia of the spinal cord and are no different from 
sensory nerves elsewhere in the body; they simply happen to travel in 
the same sheaths mth so-called sympathetic nerves. In the same 
sympathetic trunks, the efferent vasoconstrictor fibers may pass down 
to the vessels. Vasodilatation Is probably not so simple a reaction as 
vasoconstriction. Lewis has convincingly demonstrated that dilator 
fibers may be present in the sensory nerves and not act directly on the 
vessel, but cause the liberation in the tissues of a histamine-like body, 
the “H-substance,” which dilates capillaries by a direct chemical ac- 
tion on their muscle walls. 


2. Muscle ischemia, either from vascular spasm or pressure on the 
blood vascular system of a muscle by edema, extravasation of blood, 
or the cellular products of inflammation, may cause pain on active 
motion. Lews finds that pain may develop in contracting muscle, even 
without arterial spasm. His observations lead to the view that the 
stimulus causing pain is determined by some chemical or physio- 
chemical agency within the mass of muscle. When a muscle contracts 
a release of metabolites occurs within the fibers, and, obviously these 
may diffuse and cause the painful stimulus. Histamine, or the “H- 
substance,” is also liberated in injured or inflamed muscle This mav 
be the stimulating agent. At any event, a stimulation of the absorption 
by the circulation of metabolites or histamine-like substances or the 
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edematous fluid produced by trauma or by muscle action, may rectify 
an abnormal status of the vasoregulatory apparatus; this aids In the 
alleviation of pain on active motion of injured or diseased muscle. W’e 
have a satisfactory agent for the relief of vasospasm in deep heat 
(diathermy). The application of diathermy for this purpose has been 
recently described by de Takats. In the reestablishment of the balance 
of the vasomotor arc, the approved physical treatment is “contrast 
baths,” or the alternating application of heat and cold. Superficial and 
brisk skin massage, or effleurage, is reflected through the vasomotor 
arc to the muscle, inducing capillary dilatation of the muscle beneath, 
but it is doubtful if massage of the muscle itself is ever justifiable ior 
this purpose and, in the flaccid, paralyzed muscle, probably is 
detrimental to the maintenance of vasomotor stability and metabolic 
activity. 


Active Motion. — Muscular action of a voluntary nature^ compre* 
nends a more intricate set of changes in muscle status than is usua y 
suspected. The single action of muscular contraction on the part oi 
one muscle or muscle group, which produces the desired effect o 
shortening one arm of a lever and moving a joint at its fulcrum^ 
center of motion, is accompanied by two other types of muscle action 
dewribed as antagonistic and synergic. Muscle reeducation * 
reestablishment of muscle coordination must contemplate the rebsU^ 
hshment of all these types of action for every movement reeducate^ 
When a voluntary stimulus causes one muscle to contract, its opponem 
according to the law of reciprocal innervation, js 
inhibited; this facihiates motion of the joint acted upon. A musQ 
fiber cannot be m a state of physiologic contraction and relaxation a 
the same time. For any muscular artinn evpripH imnn a ioint, several 


V. ax, luv wc <L stale 01 physiologic contraction and rejaxau'^** 
the same time. For any muscular action exerted upon a joint, several 
We may recognise those which conmet, 
those which relax and those which steady the moving parts, as follo'n- 

prime movers constitute the 
Protagonists are the flexor muscles of the 


1 T ■ r or pn 


(b) The antagonists constitute the second class and, in the above 

Se Son ‘""riere whh thf accomplishment oi 

^e action of the flexors, >.e., the extensors of the thumb and Angers. 
However, the relMation oi the antagonists is no more complete am! 
unqualified than the contraction oi the nSts FlSion is not an un- 
regnlalecl action in regard to extent aSd fSe md taxation oi Ite 
opposing extensors IS essentially an active no; fnassive, state. K « 
therefore not intended to convev tiiA ...a*' ’ \ re ax 

completely or iininedia.eiy™^ IhatTrVh LtyTaTcf mSeje 
balance. In slowly accomplished .u ^ . ciow V 

and harmoniously to eve^ nSrS o? 1 “ , he pro- 
tagonists. During violent conSon or,h°" *'^hev t?lax 

quickly and almost completely. i„ sudden acS X"sIak produced 
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by sudden relaxation is taken up by the resilience of the elastic 
muscle. 

(c) The third class — the synergic or fixing muscles — displays an 
action which is secondary and designed to aid the prime movers of the 
joint. In clenching the fist, the synergists are the extensors of the 
wist, which aid finger flexion by lengthening the rigid arm of the 
lever by including in it the ulna and radius. Even the triceps may 
contract to steady the elbow when the fist is powerfully clenched. In 
reestablishing strength of motion in weakened flexor sublimis and 
profundus muscles, every physical therapy technician has noticed how 
the synergists, if uninvolved in the pathology, will tend to extend the 
hand at the wrist when voluntary finger flexion is attempted by the 
patient. This constitutes an overaction of the synergists. 

Muscle Balance. — As an adaptation to physiologic need, certain 
groups of muscles in the human body have developed in strength of 
motion and resistance to fatigue out of proportion to their opposers. 
In the lower limb, for instance, the antigravity muscles — which are 
the protagonists in enabling a man to stand upright — are, in general, 
more powerful than their opponents, while in the shoulder, the adduc- 
tors and internal rotators overshadow the abductors and external 
rotators. Another example is the relatively greater strength of the 
flexors than of the extensors of the wrist and fingers. In splinting or 
immobilizing a joint in a cast, the principle of muscle balance must 
be remembered, as it is important to pul the muscle groups at rest in 
a position favoring the reestablishment of motion in the weaker group 
as against the stronger. The joint must be flexed somewhat in the 
direction of the motion of the weaker group. More important still is 
the admonition against allowing a paralyzed joint to assume the posi- 
tion of contraction of the stronger group, eg., allowing an injured 
shoulder to be carried in a sling in the position of adduction and 
internal rotation until shortening occurs in the more pow’erful adduc- 
tors and internal rotators. More damage is done in the weaker group 
by allowing overstretching than in the stronger group by allowing 
contraction and fibrosis. Sir Robert' Jones claims that in flaccid 
paralysis of muscle, a single lapse in the protection of the weaker 
group against overstretching will set back the ultimate recovery of 
muscle function for months. 


Muscle Rest.— -The position of fixation of a joint, when only one 
muscle or muscle group is injured, inflamed or flaccid from paralysis 
constitutes an entirely different set of desiderata. The normal muscle 
can be considered as possessed of two functions— that of contraction 
and that of relaxation. During the exhibition of either of these func 
tions, the contraction of a muscle or the relaxation of a muscle fn 
compensate for the contraction of its opponent, a muscle may be 
described as being m a state of irritation. To be more technical 
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Meyerhof and others have described the histologic appearance of 
striated muscle fibrils as consisting of an accordion-like arrangemra 
of “spongioplasm” suspended in a more fluid “hyaloplasm wme 
permeates the interstices of the “spongioplasm” during relaxation ana 
is expressed from between the folds of the accordion 
tion, both states representing a change in configuration from toe r 
ing stage. . . 

The position of the various Joints at which the opposing 
muscles are balanced varies with the anatomy of the joint and nsu y 
coincides with the largest capacity of the joint cavity. Generally 
identical ivith the most useful position or the position of . 

ankylosis. Thus, if we desire to put the joints and muscles » 

rotation of the radio-ulnar joints at rest, a point midway 
pronation and supination is chosen, while, if the knee and its iie- 
and extensors are to be put at rest, a position of slight 
desirable. However, when one set of muscles is weakened or paralyzj , 
it is rested when the joint is in such a position that the opposers 
in a state of relaxation or elongation beyond the normal . 

sidered to represent equilibrium for the particular 
described as the “zero position” and represents the position i 
which it is most advantageous to begin the reestablishment of aciwe 
motion, since the minimum of muscle strength Is necessary in 
weakened muscle to produce the first few degrees of joint motion, a 
weakened muscle cannot always produce voluntary motion from * 
position of greatest leverage and greatest relaxation of muscle. 
is exemplified in the deltoid weakened by paralysis, which initiates no 
abduction in the arm hanging against the side of the erect 
can abduct an arm beginning with the arm lying at 45 degrees aMUc- 
tion with the patient in the supine position. Another example is 
ability of the flaccid quadriceps femoris to flex the thigh of a paUeuv 
lying on that side with the thigh already flexed a few degrees, and us 
inability to initiate flexion of the thigh with the patient standing a 
wth the weight of the leg exerted against the weakened flexor. An 
apparently completely paralyzed muscle is often found, when testeo 
in * zero position, to exhibit some function under circumstances c^ 
mg for a minimum^ of tensile strength and contraction. This condiUon 
of “poverty of motion” may exist in motor paralysis of a muscle which, 
even by electrical tests, appears to be completely functionless. Muscle 
or neuromuscular arc retraimng of weakened muscles of a patieut 
floating m water takes advantage of the principle of utilizing minimuni 
function m miiiatmg motion by abolishing the weight of the extremity, 
which 15 ^ ^f****"*! of practically its own specific gra^^J^' 

Such methods of reeducation are now considered infinitely more efiec- 

Sing" thrstretc| SStiof to 

o' fe muscle fit smoothly 
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PiiYSiCAL Treatment of Muscle-Tendon Pathology 


Contusions and Sprains.— The management by physical treat- 
ment of the acutely traumatized muscle and tendon is rather uni- 
versally standardized and generally accepted as consisting of rest, 
elevation; and the relief of edema and passive congestion. Little can 
be added to the general indications for treatment. The application of 
physical treatment to injuries of soft parts presupposes that a definite 
diagnosis has been made. This assumption cannot be made without 
complete investigation of the possibilities of underlying bone and 
blood-vessel injury. In 1912, Ross and Stewart provided ample experi- 
mental evidence that the ligaments have a greater tensile strength than 
the bony prominences to which they are attached. They showed that, 
when there is a so-called tear of a ligament, this takes place at the 
insertion of ligament into bone in the great majority of cases and 
that, rvith the tearing off of this ligament attachment, a fragment of 
cortex is wenched loose. The common type of ligamentous injury, 
then, is a periosteal injury with the avulsion of an apophysis of bone. 
These ligamentous injuries are in reality “fracture-sprains,” not simple 
sprains. The same mechanism is operative when a tendon is injured 
by sudden stretching, as, for instance, in falls on the extended arm, 
where the flexor muscles of the wrist and fingers and the extensor 
muscles of the elbow are forcibly stretched. Fracture is much more 
common than tear of Ugamenls or muscles, and if a muscle-tendon 
system is torn off, a fragment of bone at its insertion comes off with 
it. The indications for treatment of this “sprain-fracture” are entirely 
distinct from the treatment of a simple strain of muscle or tendon. 
X-ray diagnosis is essential here. Fractures of the greater tuberosity 
of the humerus are easily mistaken, if not x-rayed, for sprains about 
the shoulder and slight cortical avulsion. Fractures of the great 
trochanter tip or of the base of the fifth metatarsal, where the 
peroneus brevis inserts, are easily overlooked and considered, respec- 
tively, as gluteal strains or peroneus tendon sprains. 

Injuries of the back are frequently dismissed from serious con- 
sideration as merely muscle contusions, and physical treatment is 
directed on a basis of this diagnosis. Writing on the ease with which 
mistakes are made in back contusions, Cohn makes several important 
points: 


“i. The diagnosis of contusion is not justified unless everything 
else is eliminated. ® 

2. Proper investigation will reveal a greater frequency of fracture 
of the transverse processes, incomplete fracture of the vertebral bodies 
and sacral injuries. 

, lamination, with detailed records of our 

ntidings, will eliminate damage suits. 

4. Patients will suffer less permanent disability if ,heir conditions 
are properly treated in their early stages.” ^ i-onamons 
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Meyerhof and others have described the histologic appearance of 
striated muscle fibrils as consisting of an accordion-like arrangement 
of “spongioplasm” suspended in a more fluid “hyaloplasm ^ wmen 
permeates the interstices of the “spongioplasm” during relaxahon and 
is expressed from between the folds of the accordion during contrac- 
tion, both states representing a change in configuration from the rest- 
ing stage. . , 

The position of the various joints at which the opposing ^oups o 
muscles are balanced varies \vith the anatomy of the joint and usu^ y 
coincides with the largest capacity of the joint cavity. Generally in 
identical with the most useful position or the position of election lor 
ankylosis. Thus, if we desire to put the joints and muscles produang 
rotation of the radio-ulnar joints at rest, a point midway 
pronation and supination is chosen, while, if the knee and its flexor 
and extensors are to be put at rest, a position of slight flexion i 
desirable. However, when one set of muscles is weakened or paralyzed, 
it is rested when the joint is in such a position that the opposers a 
in a state of relaxation or elongation beyond the normal 
sidered to represent equilibrium for the particular joint.^ This 
described as the “aero position” and represents the position irom 
which it is most advantageous to begin the reestablishment 
motion, since the minimum of muscle strength is necessary in me 
weakened muscle to produce the first few degrees of joint motion, a 
weakened muscle cannot always produce voluntary 
position of greatest leverage and greatest rela-xation of muscle, ims 
is exemplified in the deltoid weakened by paralysis, which initiates n 
abduction in the arm hanging against the side of the erect patifinf» 
can abduct an arm beginning with the arm lying at 45 degrees abduc- 
tion. with patient in the supine position. Another example is 
ability of the flaccid quadriceps femoris to flex the thigh of a 
lying on that side with the thigh already flexed a few degrees, and its 
inability to initiate flexion of the thigh with the patient standing ana 
with the weight of the leg exerted against the weakened flexor. A 
apparently completely paralyzed muscle is often found, when tested 
in zero portion, to exhibit some function under circumstances cal - 
mg for a minimum_ of tensile strength and contraction. This condition 
oi “poverty of motion” may exist in motor paralysis of a muscle which, 
even by electrical tests, appears to be completely functionless. Muscle 
or neuromuscular arc retraining of weakened muscles of a patient 
floating in water tAes advantage of the principle of utilizing minimum 
funcuon ”_‘“‘‘5‘™?_™tiO‘i.by abolishing the weight of the extremity, 

lly its oivn specific gcainty- 
dered infinitely more effe 

eliciting tne si.eicn renexes, and thermic sSiof?o"S 
v^asomotor tone with the ‘"nreMing strength of the muscle fit smoothly 
into this scheme of muscle rehabilitation. 
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The best guide as to the depth of massage is pain. The technician must 
be repeatedly warned and the patient advised that massage, to be 
effective and not injurious, must keep below the threshold of the pain 
impulse. 

The question of the early employment, after contusion, of heat or 
cold depends also upon the patient's reaction. Severe angiospasm is 
painful, and if the application of either heat or cold, or the contrast 
bath of alternating heat and cold, leaves a painful extremity or muscle, 
it is contraindicated. In most cases, however, heat is the choice of the 
patient. However, it is important to note that this is not always true. 

In 1917, Leriche began to make oscillometric tests on contused 
extremities. His associates, Flerez, Albert, and later Fontaine and 
Miloyevitch, have repeated and elaborated these tests. After a con- 
tusion of any part in man, the peripheral nerve endings are excited, 
and by reflex action the equilibrium of the vasomotor system is dis- 
turbed. These oscillometric tests prove every traumatism to be, above 
all, a traumatism of “vasomotoricity.” The disturbance of the vaso- 
motor equilibrium expresses itself, sometimes after a brief stage of 
constriction, by active vasodilatation. As a rule, these vasomotor 
changes are transitory and hence of no importance to the physical 
therapist. Sometimes, however, the disequilibrium persists, and either 
(1) a chronic spasm and constriction of vessels or {2) vasodilatation 
becomes a permanent state. Furthermore, Leriche believes that the 
vasodilatory state is not continuously the same, there being at the 
beginning a varying period of active vasodilatation with local hyper- 
emia, followed finally by passive vasodilatory changes with cyanosis. 
It is difficult to analyze the reasons for this sequence or to account for 
it definitely on a basis of our present knowledge of the autonomic 
nervous system control of the caliber of blood vessels. It presupposes 
an active vasodilator mechanism w’hich, as has been mentioned above 
has not been satisfactorily demonstrated in man. Individual sus- 
ceptibility may be the deciding factor. With Policard, Leriche has 
demonstrated that an atrophy of bone, as well as of muscle, occurs 
concomitantly with vasodilatation in the adjacent soft parts. In the 
first class, with beginning chronic vascular spasm, it is important to 
secure the return of the normal vasomotor balance by gentle massage, 
mechanotherapy, graded exercises and, above all, penetrating heat by 
diathermy. All these means of stimulating vasomotor tone may easily 
be overdone, and the danger is greater in too energetic than in too 
moderate treatment. 


In the group with vasodilatory reactions, unless elevation of the 
part and bandaging to relieve the swelling are instituted, edema and 
fibrosis may ensue, like the so-called “bra^\-ny edema” of lymphatic 
obstruction plus infection. Leriche believes that the type with vaso 
dilatations should be treated by the topical application of cold water 
or even ice, at frequent inter\’als. He raises the question of the nossihlp 
value of local blood-letting, an antiquated method for the relief of 
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The best guide as to the depth of massage is pain. The technician 
be repeatedly warned and the patient advised that massage, i 
effective and not injurious, must keep below the threshold of the 
impulse. 

The question of the early employment, after contusion, of he 
cold depends also upon the patient’s reaction. Severe angiospa; 
painful, and if the application of either heat or cold, or the coi 
bath of alternating heat and cold, leaves a painful extremity or m 
it is contraindicated. In most cases, however, heat is the choice c 
patient. However, it is important to note that this is not always 

In 1917, Leriche began to make oscfllometric tests on con 
extremities. His associates, Flerez, Albert, and later Fontaine 
Miloyevileb, have repealed and elaborated these tests. After a 
tusion of any part in man, the peripheral nerve endings are ex 
and by reflex action the equilibrium o! the vasomotor system I 
turbed. These oscillometric tests prove every traumatism to be, 5 
all, a traumatism of “vasomotoricity.” The disturbance of the 
motor equilibrium expresses itself, sometimes after a brief sta 
constriction, by active vasodilatation. As a rule, these vasoi 
changes are transitory and hence of no importance to the ph; 
therapist. Sometimes, however, the disequilibrium persists, and 1 
(r) a chronic spasm and constriction of vessels or (2) vasodilal 
becomes a permanent state. Furthermore, Leriche believes tha 
vasodilatory state is not continuously the same, there being a 
beginning a varying period of active vasodilatation with local h 
emia, followed finally by passive vasodilatory changes with cya: 
It is difficult to analyze the reasons for this sequence or to accoui 
it definitely on a basis of our present knowledge of the autoi 
nervous system control of the caliber of blood vessels. It presup 
an active vasodilator mechanism which, as has been mentioned a 
has not been satisfactorily demonstrated in man. Individual 
ceptibilily may be the deciding factor. With Policard, Lerichi 
demonstrated that an atrophy of bone, as well as of muscle, 0 
concomitantly with vasodilatation in the adjacent soft parts. Ti 
first class, with beginning chronic vascular spasm, it is importa 
secure the return of the normal vasomotor balance by gentle mas 
mechanotherapy, graded exercises and, above all, penetrating he 
diathermy. All these means of stimulating vasomotor tone may < 
be overdone, and the danger is greater in too energetic than h 
moderate treatment 


In the group with vasodilatory reactions, unless elevation < 
part and bandaging to relieve the swelling are instituted edem 
fibrosis may ensue, like the so-called “brawny edema” of Jvmz 
obstruction plus infection. Leriche believes that the type wdth 
dilatations should be treated by the topical application of cold 1 
or even ice. at frequent intervals Wo , ^ 
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Especial care must be displayed m the study of sprained and tender 
muscles to determine whether the trauma described by the patient was 
really severe enough to have resulted in the degree of tenderness, 
spasm and loss of motion displayed by the injured musek-tend^ 
system. On examination of the patient for tenderness and increasea 
consistency of the various affected muscles, the examiner must always 
try to find a suitable mechanical explanation in terms of muscle func- 
tion. The origin, insertion and course of the affected musde sLouja 
correspond mechanically to the probable lines of transmission ana 
dissipation of the traumatizing force. If the subjective symptoms are 
too severe, or the lines of transmission of force unlikely ® 
trauma, a search for other pathology than muscle-tendon injurj' must 
be made. One of the most spectacular mistakes ever made by 
osteopath stands out in the mind of the tvriter. This occurred when 
he witnessed, as a medical student, the removal of a gangrene^ 
appendix, from the tip of which protruded one-half the len^h o 
pin. This pin had been swallowed weeks earlier and had ‘^hiised seve 
pain and spasm of the psoas muscle, into which it had penetwi 
Prior to the operative removal following the advent of gangrecou 
appendicitis, the patient’s tender and contracted right psohs mjiscie 
had been thoroughly and conscientiously massaged and manJpuw 
by an osteopath. A retrocecal appendicitis can easily be treated *0* 
strained psoas muscle, and an infected kidney for a strained ano 
spastic quadratus lumborum muscle. , 

Injuries ol the muscles about the elbow are found to conceiij 
fracture of the radial head in a surprising number of cases since 
advent of routine x*ray examination of injuries, and this is tnost i 
iwrtant since many oi these fractures deserve immediate removal « 
the radial head or the offending fragments. One of the most eKlf 
confused injuTOs is that of transverse fracture of the scaphoid, 

IS commonly thought to be a sprain of ligaments or a traumatic teno- 
synovitis about the wrist, because the first x-ray picture does not 

‘“'“'her view, taken a week 
rihi’ch absorption of the bone margins at the fractu" 

(which constantly occurs in fractures), then allows the fracture to he 
seen as a radiolucent defect. 

As to the use of elevation and rest fay splints or light bandaginS ?® 
the severely contused muscle, there fa Ihtle controversy. RegardmS 
the time, however at which ellieurage. fo the purpo^ of dissipaWS 
the edema or products of iuftammS^ion. or dee^r massage, to elicit 
the stretch reflexes or stimulai.. tu. oceper mas e , ^uscie, 

should be initialed, the opinions oi^ differ™” technicians vary. Some 
hciieye that passive motion or resisUve exercise should almost entirely 
supplant massage This probably depends outlie osvSogy of ‘I" 

massage during the process oPhealing omrZitgTlSrenchyma. 
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Robert Jones has often pointed out, these surgeons’ prejudice is based 
on the faulty technic of their procedure. In forcible manipulation, the 
folloiving precepts are mandatory: 

1. Preliminary baking, massage, and manipulation must be con- 
tinued until no further improvement of function can be obtained. 

2. No acute or subacute “arthritic” joint must be manipulated, or 
Us attendant muscles forcibly stretched. 

3. The muscles to be stretched must be massaged while the stretch- 
ing is taking place. 

4. The operation must be performed in stages. 

5. At each stage, one motion only can be attempted. For instance, 
only the adductors of the shoulder can be stretched at one operation. 
Internal rotation and external rotation must be accomplished in two 
more separate operations. 

6. Motion is continued only until adhesions about, or fibrous bands 
isithin, a single muscle or group once are felt to lengthen. Often a snap 
accompanies the breaking of adhesions. 

7. The new position of the lengthened muscle must be maintained 
after each operation. 

8. Heat and massage of the treated muscle must be continued until 
the tenderness resulting from the forcible stretching has disappeared, 
before another group is stretched. 

By this graded method of forcible manipulation, extended over a 
period of several weeks, residual shortening and stiffness in contracted 
muscles may be alleviated. This method of manipulation should, how- 
ever, be employed only after heat, massage and active and passive 
motion have failed fully to restore function. In contraction of the 
flexors or extensors of the fingers, continuous elastic traction may 
expedite the ordinary methods of physical therapy. 


Volicmann’s Ischemic Contracture 

Stromeyer (1838) and Volkmann (1869) described this disastrous 
complication of injury and subsequent ischemia producing a flexion 
contracture of the fingers, wrist and forearm. This condition well 
exemplifies the necessity of cooperation of surgeon, physical therapist 
and patient in the treatment of every phase and stage in its develop- 
ment. Once established as an extensive degeneration and atrophy of 
muscle parenchyma, with fibrosis of the muscle-tendon stroma and 
secondary involvement of nerve trunks and joints, it challenges the 
most expert attempts at reconstructive surgical treatment ^ 

The forearm is the commonest region involved, but other anatomic 
locations may be affected e g., the leg, where long muscles are encased 
benea h deep and unyielding layers and septa of fascia. Volkmann 
hii^elf considered the contracture as due primarily to the interference 
ivith the circulation of muscle cells from tight splinting, trith sTse- 
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congestion. Later, he advises alternate local or general douches oi hot 
and cold water, as in the hydrotherapy practiced at Aix-les-Bains. 

The Rupture of Muscles and Tendons.— The rupture or partial 
rupture of a muscle or tendon may result from muscular violence or 
from ,a direct sharp blow on a contracted muscle or tense tervdou. If 
the attachment to a bone is avulsed, it must, in most cases, be surgi- 
cally repaired. Immediate repair of ruptured muscles and their sheatfe 
and tendons should be undertaken before contracture of the muscle 
and fibrosis of the stroma have occurred. If immediate repair is not 
feasible, coaptation splints should be applied to the muscle belly to 
prevent contraction and separation of the ruptured parts, as far as 
this is possible. The part should furthermore be put up in the position 
assumed by the muscle during contraction, in order to approximate tee 
separated parts and prevent shortening and contracture of the oppos- 
ing muscle group. After repair, the muscle must be immobilized in ^ 
same position, and the application of physical treatment, except hea , 
IS contraindicated for a period of six weeks to two months. After te 
days to two weeks, however, a repaired tendon can be passively 
daily by gentle manipulation of the joint involved in its motio 
through an arc of a few degrees. The splint should be replaced imme- 
diately^ without the exhibition of any active motion. The same w 
sideration in treatment is shown the avulsed tendon attachment, a 
the spicule of bone it carries has been nailed back. 

The Chronic Traumatized Muscle.— The patient often presents 
himself for- treatrnent after fibrosis and contracture oi an injured 
muscle, and sometimes of its symergists, have already occurred. J 
question of gradual or forcible stretching presents itself. The gradua 
stretching of a shortened muscle is distinctly an art. The novice ^mos 
always expects results to appear too rapidly. Massage, after baking of 
diathermy has somewhat softened the muscle, is the routine appma^- 
during treatment does not prevent a satis 
X Kh? n an unusual amount of skill is neces- 

^ nnlv rjffpr' n^- indicates damage to the muscle. 

The only criterion is the question as to whether daily improvement 
follows any given degree of massage and stmSinu In such a course of 
trea ment, a point is often reach^^JrnXto 
^tained or where farther motion of thrLjLe^t joTn T unbearable 
Here, if one is convinced that no tubercuirs or Srheal infection 

tions-can be attempted, -ne 

geons strenuously to condemn^^forcihlp.^^ their 
orvTi unfortunate experience in too iolnt 

and shortened muscle groups ^ fliSl 

a«pavated has made them ^vaty S^thl^STd o?"t?earenf As 
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The onset of symptoms, the Ischemic stage, is often acute and fol- 
lows the damage to the muscles within 12 hours. Before the extrinsic 
pressure of the splint or cast is removed, or the circulatory obstruc- 
tion is relieved, the part distal to the injury becomes cyanotic or gray, 
cold and pulseless; edema develops and the pain is severe. Flexion 
of the fingers begins to appear, and attempts to correct this aggravate 
the pain. Removal of the cast alleviates the pain to some extent, but 
the swelling continues to be present for several days, though the pulse 
returns. The flexor pronator group now feels firm to the examining 
finger and may be palpably friable. Loss of power is noted in this 
muscle group, and skin sensation over the median or ulnar distribution 
may be decreased. The patient finds the hand now practically useless 
in grasping. 

Some cases develop more gradually, with a smaller degree of pres- 
sure or obstruction on removal of a splint, or, on examining an in- 
jured arm several days after immobilization, the affected muscles 
are found to be firm and have started to contract. Pronation and 
supination are limited, and the forearm tends to pronate if the pro- 
nator radii teres is involved. Often elbow motion is limited. On re- 
moval of a cast or splint, if muscles and skin are found sloughing from 
pressure, the harm has been accomplished, even though no warning 
pain has been experienced. 


Treatment. — ^The treatment at various stages furnishes a striking 
and typical example of the importance of adopting the viewpoint of 
muscle protection treatment during all phases of the surgical man- 
agement of injured extremities. Propaganda against circular casts 
for the injured elbow and forearm and attempts at forcible retention 
of reduction or coaptation of fractures by splints has been thorough 
and, in general, effective. Thorough training in the surgery of injury 
includes inculcation of the principle of complete and anatomic re- 
duction of fractures of the humeral condyles with early open opera- 
tion, if gently applied closed methods fail. The education of every 
medical student must feature the dangers of any fracture treatment 
which leaves the part painful after reduction has been accomplished. 
In elbow fractures, in which the Jones position of complete flexion 
and supination — even if the fractures by subsequent roentgenologic 
check-up are seen to be perfectly reduced— leaves the elbow swollen 
and cyanotic, or pulseless, the complete flexion must be discontinued. 
Every elbow or forearm fracture or injury must be inspected at fre- 
quent intervals during the first few days for the advent of any of 
these dangerous symptoms of impaired circulation. In some injuries of 
the forearm, nith or without fracture, it is wise to decompress the 
muscles by lateral slits through the deep fascia. It is better to emplov 
elevation and traction until any unusual degree of swelling disappears 
reduction. Hot dressings and diathermv 
aid in the relief of intrinsic pressure of moderate degree. Immediate 
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quent ischemia and ischemic necrosis. The ^^8“ . 

was thought by Bardenheuer to be due to toinc 

oi venous stasis. A third explanation is that 

believed that nerve involvement was not a coropiica . 

sary etiologic factor in association with L from tie 

of venous obstruction. It is apparent that extrinsic pr , j 

application of a tight splint, circular casts or Esmarc 

common cause of the condition, but Bardenheuer found , 

of the cases occurred in tractures where no splinting demon- 

tion treatment was administered. Jcpson, and later , ’ ■ ,j,j 

strated that an accumulation of blood or the advent o . ^ 

deep vaginal space (Prentiss) on the flexor surface of tn 

produce ischemic contracture. Jones states that rp out 4 ^ 

were associated with fracture about the elbow. Jleyeriiing 

izS cases treated at the Mayo clinic, that about s c 
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no fracture, and that in 40 per cent of the fracture cases the 
was involved and had been treated by the Jones method of coral' 
supination and flexion of the elbow. This position is a 

when the condyles are completely reduced and not left dispra^ J,,.] 
backward position, with the upper fragment forced into the ontecuoi 
space, cutting off the arterial blood supply and blocking the vem 
return. Murphy first suggested early incision by an anterolateral ura 
slit into the deep vaginal space, and Dean Lewis has repeated , 
In a few hours after compression, by either extrinsic or '"“i® 
pressure upon the flexor pronator group of forearm muscles, has ““ 
established, the pathologic picture of cyanosis and swelling 
Irretrievable damage is done to the tissues within a short time, 
muscles become necrotic, friable and anemic. Later, they are repre 
sented by fibrous cords, and the vessels and nerves to the forearm a™ 
hand ate encased m a fibrous mass. The bones become softened, 
ischemic atrophy and the atrophy of disuse develop. With the ep“- 
lishmenl of muscular contracture and rigidity fibrous ankylosis limiu 
the motion of the joints. 
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The onset of symptoms, the ischemic stage, is often acute and f 
lows the damage to the muscles within 12 hours. Before the extrin; 
pressure of the splint or cast is removed, or the circulatory obstrr 
tion is relieved, the part distal to the injury becomes cyanotic or grj 
cold and pulseless 5 edema develops and the pain is severe. Flexi 
of the fingers begins to appear, and attempts to correct this aggravz 
the pain Removal of the cast alleviates the pain to some extent, b 
the swelling continues to be present for several days, though the pul 
returns. The flexor pronator group now feels firm to the examini 
finger and may be palpably friable. Loss of power is noted in tl 
muscle group, and skin sensation over the median or ulnar distributi 
may be decreased. The patient finds the hand now practically useh 
in grasping. 

Some cases develop mote gradually, with a smaller degree of pr( 
sure or obstruction on removal of a splint, or, on examining an i 
jured arm several days after immobilization, the affected muscl 
are found to be firm and have started to contract. Pronation a: 
supination are limited, and the forearm tends to pronate if the pi 
nator radii teres is involved. Often elbow motion is limited. On 1 
moval of a cast or splint, if muscles and skin are found sloughing frc 
pressure, the harm has been accomplished, even though no warnii 
pain has been experienced. 


Treatment. — The treatment at various stages furnishes a strikii 
and typical example of the importance of adopting the viewpoint 
muscle protection treatment during all phases of the surgical ma 
agement of injured extremities. Propaganda against circular cas 
for the injured elbow and forearm and attempts at forcible retentii 
of reduction or coaptation of fractures by splints has been thorou] 
and, in general, effective. Thorough training in the surgery of inju 
includes inculcation of the principle of complete and anatomic r 


duction of fractures of the humeral condyles wth early open oper 
tion, if gently applied closed methods fail. The education of eve 


medical student must feature the dangers of any fracture treatme 
which leaves the part painful after reduction has been accomplishe 
In elbow fractures, in which the Jones position of complete flexit 
and supination — even if the fractures by subsequent roentgenolog 
check-up are seen to be perfectly reduced — leaves the elbow swol]< 
and cyanotic, or pulseless, the complete flexion must be discontinue 
Every elbow or forearm fracture or injury must be inspected at fr 
quent intervals during the first few days for the advent of any < 
these dangerous symptoms of impaired circulation. In some injuries < 
the forearm, with or without fracture, it is wise to decompress 11 
muscles by lateral slits through the deep fascia. It is better to emolc 
elevation and traction until any unusual degree of swelling disappear 
than to insist on immediate reduction. Hot dressings and diatherm 
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debridement and loose closure or drainage of contaminated musde 
injuries prevent deeper infc<^ion and the effects of pressure in the 
deep muscular compartment, 

Meyerding has admirably divided the treatment of the established 
condition into several groups, which can be modified somewhat, as 
follows: 


the muscle damage has occurred and has been diagnosed 
vnthm a few hours by the symptoms described above as the onset, 
abandonment of the treatment of fracture or incision of the forearm, 
or b<nh, are indicated. Relief of minor grades of swelling can be ob- 
tains by skilled massage. Surface stroking (avoiding the edematous, 
swoHen and painful area at first and gradually encroaching upon It 
ater) is succeeded in a few days by deeper stroking and, finally, 
m the course of weeks, by gentle kneading. No such treatment should 
be followed by pain or discomfort. In the words of ifcnnell, “A 
good working law is that if pain can be relieved by massage, all is 
exercise in a warm whirlpool bath, followed by gentle 
if ij<i‘cated for edema resulting from contusion. Gentle trac* 
^ Splint Of the type of finger 
by Koch, with elevation of the arm, should be 
ap^ied periods when physical therapy is not being 

is several weeks after the contractus 

or e^ema hi' '‘f Probably of little or no value. The hematoma 
W The^ir.rM subsided, and fibrosis of the muscles has 

bath and activp edema by massage and whirlp^ 

whether It « a matter for careful decision 

sirable. After the stretch the contracting muscle is d^ 

Traction sulints wifh "wc^ks it is unquestionably detrimental- 
are always of means of elastic bands 

productive of pain % ^r^u^don must be gentle and not 

the hand shoSd be examinJ^f 

compression and, if this U rff ulnar or radial ner 

dicaled to free the nervp an operation is immediately 

necessary. nicatnx, a neurolysis being done t 

a deformity ot^ny'^SIJ^nih/ present themselves w* 
straightened, or at least aim 'n which the fingers ra” ^ 

where there is no ma“td flexed, and 

of the fingers or wrist. Often stiffening in the joint capsulej 

and there are symptoms of nerve puisefe^j 

less favorably to the Tones patients respond 

massage and are best operated continuous extension ana 

massage to restore fiexibiHiv ® course of stretching a^’d 

supply. The operation of cbotf>/> • ^ J’^^'^^cles and increase the blood 
Bailey operation of severing 
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the flexor supinator group and the pronator radii teres close to their 
origins and transplanting them larther down the Sotearm. The hlax 
Page modification of transplanting the inner condyle, which gives origin 
to a large number of the fibers of the flexor-pronator group, to the 
inner aspect of the ulna offers a larger chance of establishing a firm, 
bony origin for the shortened muscles. Either of these procedures offers 
less chance of resulting fibrosis than an attempt at tendon lengthening 
in the wrist or forearm, where the tendons are already anemic and 
atrophied. After from one to two w'eeks’ rest on a cock-up splint, active 
physical treatment must be continued to preser\'e the blood supply 
of the shortened muscles and prevent fibrosis in the new region of 
operative injury. Elastic traction splinting may need to be resumed. 
Active motion is of prime importance to preserve the neural and 
vasomotor arc. 

4. A last group of old contractures have atrophy of the bones and 
ankylosed joints, as well as atrophy and fibrosis of both flexors and 
extensors of the wrist and fingers. The fingers cannot be straightened 
and yield no results from prolonged physical means of treatment. 
Surgery is definitely indicated here to restore somewhat the normal 
appearance of the hand, which may still retain a slight grasping power 
or somte degree of opposibiiity of the thumb. 


Spasm of Voluntary Muscles 


There is a large group of cases which appear for treatment with a 
tendency to spasm of a muscle or muscle group. These have been 
divided into “functional” and “reflex” or “irritative,” but at a glance 
it can be seen that in any particular case it is not always easy to 
decide that the condition is purely functional, without a reflex com- 
ponent. There is no doubt that a contracture may begin as a func- 
tional or occupational type, and later on impairment of the neuro- 
muscular arc or vasomotor arc may occur from disuse of the part. 
According to cause, a better grouping suggests itself, as: 

I. Muscle habit and occupational. 

II. Reflex. 

a Without a vasomotor imbalance. 

b. Accompanied by, or the result of, vasomotor imbalance. 

III, Symptomatic of toxic, constitutional, nervous disease. 

IV. Hysterical. 


The first group may, in some individuals, be explained by sug- 
gestion, the habit of contraction being established as the result ot a 
trivial trauma which causes slight pain on motion of a muscle group 
Any trauma which disturbs the normal mechanism of the imiscks 
may lead to a purely functional disability. It is difficult to draw the 
line between these and cases of purposeful exaggeration of slight 
symptoms resulting from the desire ol the patient to receive com- 
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pensation or to substantiate a claim in common Jaw. Apparently, the 
nabtt of contraction of a certain muscle or group at first is voluntary, 
ut later the patient, by autosuggestion, believes that the contraction 
actually ejsts, and finally is unable to control the action of the group 
involved. This type of reaction can be described as conscious and us- 
conscious malingering, the patient at first realizing that he has no 
aisat)Uit)% but later being unable to distinguish between feigned and 
real disability in function. This represents one of the most difficult 
s^uels of injury arising in connection with workmen's compensation 


The commonest type of occupation spasm is writers' cramp. Any 
S 4 j requires constant use or overuse of a muscle is 
■ ® produce a similar spasm, especially if the muscles engaged 

perform some highly specialized movements which 
nece^tate elaborate coordination. Thus, it is not uncommon for 
from ^ ^^o^T^phers and watchmakers to lose the use of their hands 
nf ^ 4 . ^ A iTiuscles commonly affected being the flexor group 

whn ^ Similar condition is seen in the new military recruits 

and whn accustomed to much walking 

of miHtarv^ir!? cramp of the feet during the early weeks 
involve located in the calf muscles or 

develoD Phvsi^^i niuscles of the toes. True equinovarus may 
forearm muSa technicians develop a similar cramp a the 

the patient to various spasms are commonly thought by 

fo^ong hours ^ neuritis!^ Children practicing at the piano 

question of the fmn ^ similar condition. There is ahvag^ 
It is easy to psychic element in such a child, 

shoulder by considermu'th’'^' i!'"' o* spasms about the 

when they ate in rcalitv n Prima'y and >o “'“P?,* , ' 
immobilize an inilamed^o? attempt for the muscles partially to 
aggravate a subdeltoid Sitis ™'‘'’ns t*"' shoulder whiob 

reBex spasm from’ the™’rst'’nL'' \ "®‘ always possible to sopa”'! 
examination should Tfiv^z>i of the former, carem* 

sible for the spasm lesion which is respon- 

turbance, or it may be . • r^uscles may set up a reflex dis- 

or lead to the establishmpnt point of an hysterical disability 

resulting in permanent dpfJ ^ ^ muscle habit of imbalance, finally 

sensation due to the primary actual loss of power and 

tective contraction of muscle S'? ^tit the reflex pW’ 

part may persist, so that at th™ ♦ prevents movement of the injured 
the original trauma is appredahi examination no evidence o 

be associated with a vas^otit • u spasm may or may not 

be a disabling pain. It is imuort.! . case, there may 

to pressure on a sensory nerve *■ whether this pain is due 

to a tender scar on the inner instance, where it is du« 

* of the foot, whether fibrosis has 
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involved some sensory terminations, which may result in walking on 
the outer side of the foot wth the member held in supination. With 
the passage of time, the pronators and external rotators of the foot 
become flaccid, and the supinators and internal rotators become 
spastic. Different types of anesthesia may develop. If there is an 
actual nerve lesion, the sensory distribution of the skin of the part 
gives the typical changes in protopathic and epicritic sensation. This 
aids in making a diagnosis as to the nerve involved and the level of 
the lesion, so that a definite indication is established for an operation 
to free the nerve from fibrosis. Partial lesions of the median nerve 
furnish the commonest example of reflex spasm and result in a serious 
and disabling type of pain called causalgia. The writer has seen two 
such spasms affecting the muscles innervated by the ulnar nerve with 
a painful paresthesia of the small finger and ulnar border of the hand. 
Anesthesia or hyperesthesia depends upon the extent of the lesion 
of the nerve. 

There is another type in which we find an organic anesthesia, a 
functional change in the use of the muscles, and a loss of skin sensa- 
tion may persist indefinitely. The question always arises here as to 
whether the disease is due to vasospasm or peripheral nerve injury. 
Ordinarily, in case of vasospasm, if this is of sufficiently marked 
degree, atrophic changes finally appear In the skin, and the part 
becomes blanched or cyanotic, depending on whether the lesion is 
principally venous or arterial. As mentioned before, the muscle, as 
well as the skin, is affected by these vascular changes, as determined 
by the experiments of Lertche. The anesthesia of vasomotor type 
does not, of course, correspond to any nerve distribution. There is 
likely to be some edema, and the skin ultimately may desquamate; 
or there is a loss of the hair, and the nails become deformed if the 
part affected is the hand or foot. The anesthesia in these cases is 
much like the anesthesia of disuse described by Babinski and 
Froment. Before the importance of the vasomotor tone in these cases 
was fully appreciated, these authors described the above condition 


as physiopathic contracture, and Siccard called it “acromyotonus.” 
Weir Mitchell, writing many years ago, had evidently recognized 
these cases as different from the ordinary muscular spasm without 
vasomotor involvement, which he called “paralysis from peripheral 
irritation.” Every physical therapy technician has noted that, in treat- 
ing any long-standing injury of an extremity, even when spasm or 
paralysis is not present to any appreciable degree, there may be a 
marked vasomotor disturbance, evidenced by excessive sweating in 
the hand or foot of the limb involved; also, that this vasomotor dis 
lurbance may appear as long as the patient’s attention is called to 
his condition, or when he begins to discuss his injury even before 
heat and massage are applied to the injured part. It is evident there 
fore, that there is an autonomic imbalance in many iniuries’nf tl,. 
extremities, and this is affected by the mental state of the pa lent 
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pensalion or to substantiate claim in common law. Apparently, llie 
habit of contraction of a certain muscle or group at first is voluntary, 
but later the patient, by autosuggestion, believes that the contractiwi 
actually exists, and finally is unable to control the action of the group 
involved. This type of reaction can be described as conscious and un- 
conscious malingering, the patient at first realizing that he has no 
disability, but later being unable to distinguish between feigned and 
teal disability in function. This represents one of the most dimwh 
sequels of injury arising in connection with workmen’s compensauon 
claims. 

The commonest type of occupation spasm is \sTiters’ cramp. Any 
occupation whicb requires constant use or overuse o( a muscle u 
likely to produce a similar spasm, especially if the muscles 
in the occupation perform some highly specialized movements 
necessitate elaborate coordination. Thus, it is not uncommon 
writers, stenographers and watchmakers to lose the use oi their nan > 
from spasm, the muscles commonly affected being the flexor peap 
of the fingers. A similar condition is seen in the new military 
who come from the class of men not accustomed to much 
and who develop marchers’ cramp of the feet during the early 
of mdita^ training. The pain may be located in the calf muscles or 
involve the short flexor muscles of the toes. True equinovarus tn ; 
develop. Physical therapy technicians develop a similar cramp m 
forearm muscles. These various spasms are commonly thought ^ 
the patient to be due to a neuritis. Children practicing at the 
for long hours manifest a quite similar condition. There is always £ 
question of the rmpotianee of the psychic element in such a chiW. 
It IS «asy to make a mistake in the diagnosis of spasms about 
shoulder by considering these to be primary and due to occupation, 
when they are m reality a reflex attempt for the muscles part* 
immobilize an inflamed joint or prevent motions of the shoulder which 
aggravate a subdeltoid bursitis. 

It will be seen, then, that it is not always possible to separate 
reflex spasm from the first group, but in case of the former, careful 
e^mination should reveal the inflammatory lesion which is respon- 
sible for the spasm. Trauma of the muscles^ may set up a reflex dts- 

?Luufnl n tabalanM, 

resulting m permanent deformity. The nctml loss of ooWf 
sensation due to the primary iniiiL oi p 

teciive contraction of mnsc£ but the r c P ^ 

part may persist, so that af tS?? movement of ; 

the original trauma is appreciable examination no 
be associated with a vasomotor spasm may 

be a disabling pain. It is "n'S" 'J-'’ d/e 

to pressure on a sensory new or n/Zf is doe 

to a tender scar on the t 



Spasm of Voluntary Muscles 



involved some sensory terminations, which may result in walking on 
the outer side of the foot with the member held in supination. With 
the passage of time, the pronators and external rotators of the foot 
become flaccid, and the supinators and internal rotators become 
spastic. Different types of anesthesia may develop. If there is an 
actual nerve lesion, the sensory distribution of the skin of the part 
gives the typical changes in protopathic and epicritic sensation. This 
aids in making a diagnosis as to the nerve involved and the level of 
the lesion, so that a definite indication is established for an operation 
to free the nerve from fibrosis. Partial lesions of the median nerve 
furnish the commonest example of reflex spasm and result in a serious 
and disabling type of pain called causalgia. The writer has seen two 
such spasms affecting the muscles innervated by the ulnar i^erve with 
a painful paresthesia of the small finger and ulnar border of the hand. 
Anesthesia or hyperesthesia depends upon the extent of the lesion 
of the nerve. 

There is another type in which we find an organic anesthesia, a 
functional change in the use of the muscles, and a loss of skin sensa* 
tion may persist indefinitely. The question always arises here as to 
whether the disease is due to vasospasm or peripheral nerve injury. 
Ordinarily, in case of vasospasm, if this is of sufficiently marked 
degree, atrophic changes finally appear in the skin, and the part 
becomes blanched or cyanotic, depending on whether the lesion is 
principally venous or arterial. As mentioned before, the muscle, as 
well as the skin, is affected by these vascular changes, as determined 
by the experiments of Leriche. The anesthesia of vasomotor type 
does not, of course, correspond to any nerve distribution. There is 
likely to be some edema, and the skin ultimately may desquamate; 
or there is a loss of the hair, and the nails become deformed if the 
part affected is the hand or foot. The anesthesia in these cases is 


much like the anesthesia of disuse described by Babinski and 
Froment. Before the importance of the vasomotor tone in these cases 
was fully appreciated, these authors described the above condition 
as “physiopathic contracture,” and Siccard called it “acromyotonus.” 
Weir Mitchell, writing many years ago, had evidently recognized 
these cases as different from the ordinary muscular spasm without 
vasomotor involvement, which he called “paralysis from peripheral 
irritation.” Every physical therapy technician has noted that, in treat- 
ing any long-standing injury of an extremity, even when spasm or 
paralysis is not present to any appreciable degree, there may be a 
marked vasomotor disturbance, evidenced by excessive sweating in 
the hand or foot of the limb involved; also, that this vasomotor dis- 
turbance may appear as long as the patient’s attention is called to 
ms condition, or when he begins to discuss his injury, even befor,. 

for“e there- 

tore, that there is an autonomic imbalance in many iniuri^Q ♦!, 

extreeruies, and this is affected by the meatal sSe mZ patient 
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The spasm in these cases, while generally tonic, may al^te cl^ 
of a rhythmic or of an irregular type. The 
spasm is probably seen in tibialis ll-icX becomes 

weight-bearing on the ball of the foot. Evidently 
shortened. There may even be inversion of the ^ ^ 

may be seen in the calf muscles. This clonic spas ^ 
condition, having no causal element m lesions of ^ of 

system. Irregular spasm occurs %vhen two stretch- 

muscles both manifest reflex spasm, the contracture o ^Yhen 

ing the other, initiating a stretch reflex in the .faints 

these conditions are seen in the hand, the physician co Lvelop- 
of an hysterical etiology, but search for cause may revea 
ment of a reflex spasm from injury or nerve irritation. ygjious 
Symptomatic spasm of muscles may be due to tetany 
types, chorea or various diseases of the central nervous 
instance, cerebellar disturbances, Parkinson’s disease, e . 
lethargica, disseminated sclerosis and other diseases jjsg. 

of the voluntary muscles. However, these conditions 
nosed by many signs and symptoms in addition to muscle 

muscles. Moreover, the muscular spasm seldom affects o 
group. They are mentioned in the present category -pjned, 

eral indications for treatment, so far as physical therapy is ^ 
are quite similar. In addition to physical therapy, the va ^ 
lo^c factors, of course, deserve therapeutic considerabon. 'V 
instances, after cerebellar operations, prolonged physical Jgj. 
for the reestablishment of the normal muscle tone must oe 
taken. In all this group, fatigue of the muscles involved gcjgs, 

rapidly than normally, and there is actual weakness of the m 


even though the spasm in the muscles exists. 


Hysterical spasms and contractures furnish another f be- 

disabilities, although any of the first three groups are capable o 
coming hysterical in nature, given the proper temperament 
vocative “psychic trauma.” The greatest difficulty connected witn 
group is to be certain of the diagnosis, and this requires the . 

others than physical therapists. The symptoms present various uj 
pected contractures or hysterical attitudes, often varying “ r 
to time when examined under varying circumstances. There is 
any alteration in the reflex or any vasomotor change in the ... 

than a slight coldness of the extremity from lack of use. No troP‘ 
disturbances are present and no modifications of the electrical tea 
tions of the affected muscles. The striking changes in symptoms, ‘‘ 
a result of successful suggestion to the patient are a notable featnre- 
Restriction of the visual field, the history of bizarre types of convm 
slons which do not correspond to any organic entity, and anestbesi 
not based on the nerve distribution aid in making the diagnosis 
In the cases o! the first and second groups, numbered I and 
muscle atrophy may appear with the relaxation of the opposms 
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Spasm of Voluntary Muscles 

muscles, and the affected muscles may give an exaggerated response 
to percussion with a hammer. The resulting contracture is large in 
amplitude, often delayed in the rise to its height and slower than 
normal to subside. After immersion in a bath of hot paraffin wax, the 
percussion tests reveal more normal reaction. Electrical responses are 
never those of the reaction of degeneration. There is an exaggerated 
response to faradism, unless the limb is so cold that skin resistance 
interferes with the passage of the current. Galvanic current stimula- 
tion produces a slow contraction of large amplitude. After the affected 
limb is immersed in hot water or paraffin and retested, the muscle 
responses ate more brisk and approach the healthy muscle twitch. 
The amount of abnormality in response to galvanism probably depends 
on the proportion of vasomotor disturbances. The tendon reflexes 
may be slightly exaggerated or normal. In Group III, the deep re- 
flexes of the various nervous diseases depend upon the site of the 
lesion. The hysterical case is notable for not presenting changed 
reflexes or altered reactions to faradism or galvanism diagnostic of 
other muscle conditions. 


Treatment. — Every possible method of treatment has been sug- 
gested in these cases. Unquestionably, the most important factor in 
their management is, first, to exercise to the full extent every muscle 
in the limb over which the patient retains control. Since the cortical 
pattern of voluntary movement is not divided into muscles, but into 
movements, the patient must be instructed as to what movement is 
necessary for exercise of the affected muscle and then assisted in 
performing this exercise until he is able to regain some voluntary 
control of the spastic muscle. Gentle massage of the affected muscle 
is indicated, but only up to the threshold of tenderness. Gentle strok- 
ing aids in relaxing the spastic muscle preparatory to active or 
assistive motion. First, the application of heat or immersion in hot 


paraffin wax relaxes at least temporary vasospasm and allows a 
further motion without pain than that which could be accomplished by 
the patient if there were no preliminary heating of the part. The same 
applies to gentle massage. Surface massage, furthermore, aids in dissi- 
pation of edema where this exists. It should be remembered that, in all 
spasms of voluntary muscles, the point of fatigue is much lower than 
in normal muscles, and it is of utmost importance in all active motions 
to keep below the point where fatigue appears or pain develops. This 
entire group of disabilities presents a condition where massage alone 
is almost certainly doomed to failure, and where vigorous or energetic 
physical treatment of any sort may aggravate the condition One 
of the greatest difficulties arising in connection with the reference 
by the surgeon to an unskilled masseur for treatment of this and 
other affections of muscles is the danger of too robust treatment which 
IS certain to occur m the hands of a physical therapist wh«e vfew 
point is that of a masseur and who has a fixed idea that he can r,^' 
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out muscle soreness. After nctive exercise is begun and the patient is 
convinced that pain on motion, tenderness and spasm are subsiding, 
he may develop a great enthusiasm for hastening his recovc^ by 
strenuous exercise at home between treatments. Such a situation is 
reprehensible, and the physical therapist will not realize the cause 
of the return of symptoms unless he carefully interrogates the patient 
as to the exact amount of exercise he takes between treatments. It 
is advisable to give the patient written instructions, in very specific 
language, as to the number of minutes of exercise he should take at 
home and the exact amount of motion or weight-bearing he shouia 
perform each day, and to be certain that he follows this regime punc- 
tiliously. Nothing is accomplished by attempting to hasten recovery 
of these patients. Any return of pain or spasm necessitates the re- 
sumption of the primary stages of treatment, consisting of baking 
and the gentlest massage, after which active motion can be agsui 
gradually resumed. 

^ Occupational spasms, like writers* cramp, often require immobiliza- 
tion of the part on a splint, with no treatment except baking or 
diathermy until the weakness, tremor and lack of coordination hav 
begun to subside. Later, the gentlest surface massage 
shoulder can be applied for a few minutes a day. Mennell plac 
great importance on the rhythmic clement in massage of such an 
extremity, probably with the idea that each passage of the masseurs 
hand stimulates the rhythmic stretch reflex response and 
the restoration of the normal coordination of muscular action. He al» 
believes that exercise for the shoulder and elbow should be rhyftmic 
a swingidg motion and later on addmS 
pulley and roller exercises, always keeping below the point of exciting 
Ae spasm. In the management of the patient with writers’ 

writing can be performed without pain or spasm, large letters shouW 

sLTthe “d, os the improvement continue^ 

size of the letters can be reduced until the*^ ordinary handwriting 

Mi'arm moJem/f studied to see whether he uses ftt 

c?amrhorbZ'p"™due:5’te Wb 

taught to write b? theTufitSoT'”'”' 
cause^Mn“be7ound au? satisfactory unless a defimt' 

irritation demands^ surgic^S * P®’"'"' j”' >>' 

started. The psychic elemLi “ fuh?n the 

patient’s confidence is gained md hrSteVaUhe pain and spssm 
are diminishing, recovery is trem»„n will 

help in dissipating vasos^sm SS n expedited. . 

There is a serious question Shf™P" h?® V 

any more effect in reestabUshme faradic stimulat 

neuromuscular arc than massaKc^t^?"’''?”'^ 

ae to stimulate the stretch reflexes, anu 
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Spastic Paralysis 

active motion to retrain the nervous arc in coordination of muscles. 
The paraffin bath is particularly valuable in the type accompanied 
by vasomotor disturbances. Sometimes the patient must be investi- 
gated for allergic phenomena and an effort made to desensitize him 
to the offending substance. Reeducation of muscle coordination should 
begin early in these cases. 

It is often important not to treat the spastic part at all in the 
management of the hysterical case and to pay no attention to the 
patient’s complaints. The prescription of general exercise, after ex- 
plaining to the patient that you realize there is no organic basis for 
his disability, may yield a better result than too much attention to 
the affected part. The management of the psychic features is outside 
the function of this discussion. Fortunately, the settlement of a 
patient’s claim for damages in an injury case is only effective in treat- 
ment of the spasm of muscles before the case has actually become 
hysterical and while he still realizes that he is feigning the condition. 
After a stage of hysteria is established, when the patient can no longer 
realize that the condition is not feigned, one striking method of re- 
establishing his mental control of the situation is the production of 
full movement of the contracted part under anesthesia and the splint- 
ing of the part in the position of full movement, so that he realizes, 
after awakening, that such motion can be performed, and painlessly. 
I have had striking results with the relief of hysterical spasm of the 
masseter muscles by this method. 


Spastic Paralysis 


Cases of chronic spastic paralysis of the voluntary muscles, where 
contractions and flexion deformities are already established, whether 
from vascular lesions of the cortex or pyramidal tracts, or arrested 
development of upper motor neurones or their connecting links in the 
brain, stem or cord, present some of the most disheartening conditions 
the physical therapist is called upon to treat. Without the cooperation 
of the surgeon and physical therapist, the patient is certain to pass 
from bad to worse. At almost any stage of spastic paralysis, the com- 
bined efforts of the two, however, will be rewarded by some im- 
provement. 


It is important to remember that, in the motor cortex of the 
cerebrum, individual muscle actions are not represented, but the 
movement of the part is represented. This movement pattern includes 
both the protagonists for any motion and synergists, and the antag- 
onists and the fixing muscles. This is the iaw of reciprocal innerva- 
tion, and its implication, so far as treatment is concerned Is that in 
retraining voluntary motion after spastic paralysis, we are retraininc 
all these components of the motion In brief, we are not training the 
man to contract any muscle, but to perform a coordinated motion 
Stored ,n the parietal lobe are, too, the memories of various move- 
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racnl-p.-vtlcnts svhich the pMient 

feted with their performitnee, and 

before the voluntary' movement can be , 

voluntary movement of the unaftKtccl csttcmi > 

lishing the memory of the net on "Pf'"?''' , „|^es,ity iheSatsS) 
may help to revive this memoo', "luch is of nccessit) 

in rehabilitation. (See Vol. U.) „r tmsiic oaraiy®”** 

For purposes of treatment, the types of spastic para) 

divided into four groups: ^ . . 

1. Vascuhr lesions— hemorrhage, ^tem 

tions; new growths involving the cofd 

course. These tracts may be jt-pcaseolss-nog^ 

without or by a distention from within, as m t cortes-^ 

2. Lack of development or arrested <^cvclopmcnyn in 
spastic diplegia of infants, or Little s disease. ‘ 

cells of the cortex produces spastic P^ 5 ‘'' ^?/A«c *Ke cerebral 
lateral sclerosis. Paresis of syphilitic sclerosis,!^ 

3. In combined degeneration and in 
medullary sheaths of the pyramidal fibers arc 

4. Lesions in or near the corpus P 

paralysis agilans and similar conditions to 
ietharglca and progressive lenticular dcgcneralio » ^ 

The management of hemiplegia, as far as 
concerned, can be divided into stages. It is custo q {jofnibebn!* 
symptoms are present on the opposite side of the , great 
lesion. It can be laid down as a general rule 
trophe occurs in the central nervous system, lu pyfjngtbf^ 
even in repons remote from the structures toyoiVC . 
few hours, we find the muscles on the 
flaccid and toneless, with their deep reflexes lost. ^ 
practically unaffected, e.g., muscles of the eyes, {jce^ 

The paralysis then involves only the opposite ^ 

spares such muscles as those of the eye, which act 0 
movement of the eyeballs and emotional W 

\Vhen this initial stage of shock subsides, spasm ,.rt-,pnce 1 ” ^ 
all muscles of the affected extremity, but with a » 
oetween the antigravity and the gravity muscles , posH*'^ 
since tone is concerned principally in maintenance pgsid<^ 
posture, the muscles involved in maintaining the ej 
are principally affected. The affected parts 
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for the various muscle groups, so that there is some deviation from 
the midposition of the joint toward the weaker group of muscles. 
This means, for instance, an abduction of the shoulder to protect the 
weak abductors and external rotators against the stronger adductors 
and internal rotators; the splinting of the elbow in extension or slight 
flexion at the midposition between pronation and supination, or with 
a little inclination toward supination, because supination is normally 
stronger than pronation. We have now accomplished the first step 
toward protecting the weaker muscles by establishing muscle balance 
and in the prevention of deformity. The position of decerebrate rigidity 
in the lower extremity leaves the foot plantar flexed at the ankle, with 
the toes flexed and sometimes with supination. These positions are 
corrected in the same manner. 

After this primary consideration, the patient must be made to 
understand that the return of movement cannot be brought about by 
massage or electrical treatment, but by his own effort. One seldom 
sees a case in which some of the motor fibers are not preserved, and 
the management of the case contemplates preserving this minimum 
of muscle action and prevention of fibrosis of muscle which occurs 
in muscle during disuse. The patient must not lie continually in bed 
with his arms folded across his chest. If there is inability to perform 
simultaneously the various motions that constitute an act, because 
of the so-called decomposition of movements, some slight individual 
movements may be retained, and these slight voluntary movements, 
with the assistance of the operator, should be performed several times 
each day, but not to the point of fatigue. It is important that the 
patient make a mental effort to reproduce the motions each time 
treatment is given. The appearance of each new movement wll be 
welcomed, and the patient’s interest stimulated and his cooperation 
assured. The motions of the opposite extremity aid in the motion of 
the affected extremity. Rhythmic motion to music or by numbers pre- 
vents an excess of effort when the motion is performed. The reestab- 
lishment of movement patterns in the brain may sometimes be 
stimulated by the application of faradic current of the sine wave 
form, as by minimum stimulation with a Smart-Bristow coil. After 


the returning movement is called to the patient’s attention by this 
means, voluntary movement can be accomplished. Further than this, 
electrical stimulation has little or no place in the treatment of spastic 
paralysis. It is very easy to overstimulate a muscle with electricity 
and cause injurious fatigue, which results in more fibrosis than if no 
treatment had been undertaken. The patient requires special advice 
when he begins to walk. His natural inclination is to walk in the 
easiest fashion, by advancing the legs by circumduction neglectinc 
to flex the hips or knees, and with the foot pronated and everted 
The patient should be taught to walk slightly pigeon-toed and to lift 
the leg with each step, even if this can be accomplished only throuah 
a few degrees of motion. ^ liiiuugu 
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ment'pallerns which the patient has carried out before disease inler- 
fered wth their performance, and these memories must be reviwd 
before the voluntary movement can be repeated. FurthermoK, 
voluntary movement of the unaffected extremity may help in reestab- 
lishing the memory of the act on the opposite side. Assistive movement 
may help to revive this memory, which is of necessity the first step 
in rehabilitation. (See Vol. II,) 

For purposes of treatment, the types of spastic paralysis can be 
divided into four groups: 

1 . Vascular lesions — hemorrhage, thrombosis, embolism; inflarnnu- 
tions; new growths involving the pyramidal system anywhere ia its 
course. These tracts may be compressed in the spinal cord from 
without or by a distention from within, as in the case of syringoroyd^- 

2. hack of development or arrested development in the cortex-^tM 
spastic diplegia of infants, or Little^s disease. Gradual death of BeU 
wlls of the cortex produces spastic paralysis and an amyotrophic 
lateral sclerosis. Paresis of syphilitic origin affects the cerebral cortw- 

3; combined degeneration and in disseminated sclerosis, tn 
medullary sheaths of the pyramidal fibers are destroyed. . , 

4. L«ions in or near the corpus striatum produce Parbtjsons 
paralysis aguans and similar conditions followng cncephaJiUs 
ietnargjca and progressive lenticular degeneration. 


The management of hemiplegia, as far as its physical treatment h 
concerned, can be divided into stages. It is customary to say that ah 
symptoms are present on the opposite side of the body from the brain 
^ general rule that, if any great catas- 
trophe occurs m the central nervous system, function is disturbed 
flw structures involved. During the first 

7 «« the opposite side from the lesion 

HSrffrflUv their deep reflexes lost. Certain regions are 

Thfn-frilvS^ th ““scles of the eyes, chest and abdomen- 

The paralysis then involves only the opposite arm leg or face and 
spares su^ muscles as those of ihe eye, wS act bilatlrally, so that 
movement of the eyeballs anrf ,:sroeerved. 

men this initial stage o stekSH™' “^5 TeS i“ 

all cf fho »r«ocK subsidcs, spasm IS found to exjist- » 

omTure the “ mainteiiance of position w 

C areprinciSir^ffecS VheSt”® ''‘’ITtte 

position of decerebrate rigidity descrilJ^^ parts tend to ass 
upper limb is adducted at the the 

forearm pronated and the wrist ^ '«,Atioiis 

represent the movements of the stronopr fiexed. These m 
duty in physical treatment to p™ "fn, 

defomtitte. It is imporutnt to spltat the affectrf li^K ee^posHioo 
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for the various muscle groups, so that there is some deviation from 
the midposition of the joint toAvard the weaker group of muscles. 
This means, for instance, an abduction of the shoulder to protect the 
weak abductors and external rotators against the stronger adductors 
and internal rotators; the splinting of the elbow in extension or slight 
flexion at the midposition between pronation and supination, or with 
a little inclination toward supination, because supination is normally 
stronger than pronation. We have no%v accomplished the first step 
toward protecting the weaker muscles by establishing muscle balance 
and in the prevention of deformity. The position of decerebrate rigidity 
in the lower extremity leaves the foot plantar flexed at the ankle, with 
the toes flexed and sometimes with supination. These positions are 
corrected in the same manner. 

After this primary consideration, the patient must be made to 
understand that the return of movement cannot be brought about by 
massage or electrical treatment, but by his own effort. One seldom 
sees a case in which some of the motor fibers are not preserved, and 
the management of the case contemplates preserving this minimum 
of muscle action and prevention of fibrosis of muscle which occurs 
in muscle during disuse. The patient must not lie continually in bed 
wth his arms folded across his chest. If there is inability to perform 
simultaneously the various motions that constitute an act, because 
of the so-called decomposition of movements, some slight individual 
movements may be retained, and these slight voluntary movements, 
with the assistance of the operator, should be performed several times 
each day, but not to the point of fatigue. It is important that the 
patient make a mental effort to reproduce the motions each time 
treatment is given. The appearance of each new movement will be 
welcomed, and the patient’s interest stimulated and his cooperation 
assured. The motions of the opposite e.xtremity aid in the motion of 


the affected extremity. Rhythmic motion to music or by numbers pre- 
vents an excess of effort when the motion is performed. The reestab- 
lishment of movement patterns in the brain may sometimes be 
stimulated by the application of faradic current of the sine wave 
form, as by minimum stimulation with a Smart-Bristow coil. After 
the returning movement is called to the patient’s attention by this 
means, voluntary movement can be accomplished. Further than this 
electrical stimulation has little or no place in the treatment of spastic 
paralysis. Ii is very easy to overstimulate a muscle with electricity 
and cause injurious fatigue, which results in more fibrosis than if no 
treatment had been undertaken. The patient requires special advice 
when he begins to walk. His natural inclination is to walk in the 
ff f ‘ 'he legs by circumduetion, neglecting 

The patient sbmW be"raught to'^WsUghtly pigeoMoe^an^to m 
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ment-patterns which the patient has carried out before disease inter' 
fered with their performance, and these memories must be revived 
before the voluntary movement can be repeated. Furthermore, 
voluntary movement of the unafTccted extremity may help in re&tab- 
lishing the memory of the act on the opposite side. Assistive movement 
may help to revive this memory, which is of necessity the first step 
in rehabilitation. (See Vol. II.) ^ , . 

For purposes of treatment, the types of spastic paralysis can be 
divided into four groups: 

1. Vascular lesions — ^hemorrhage, thrombosis, embolism; inflamma- 
tions; new growths involving the pyramidal system anywhere m ^ 
course. These tracts may be compressed in the spinal cord r 
without or by a distention from within, as in the case of syringomata- 

2. Lack of development or arrested development in the ci^tex 
spastic diplegia of infants, or Little’s disease. Gradual death of net 
cells of the cortex produces spastic paralysis and an amyotrop 
lateral sclerosis. Paresis of syphilitic origin affects the cerebral cori^. 

3. In combined degeneration and in disseminated sclerosis, 

medullary sheaths of the pyramidal fibers are destroyed, . , 

4. Lesions in or near the corpus striatum produce Parwn 
paralysis agitans and similar conditions following enccpMin» 
Icihatgica and progressive lenticular degeneration. 


The management of hemiplegia, as far as its physical treatment » 
concerned, can be divided into stages. It is customary to say that 
symptoms are present on the opposite side of the body from the 
lesion. It can be laid down as a general rule that, if any great 
trophe occurs in the central nervous system, function is distui^ 
even in regions remote from the structures involved. During the 
Jew hours, we find the muscles on the opposite side from the lea® 
flaccid and toneless, with their deep reflexes lost. Certain regions are 
practJcally unaffected, e.g,, muscles of the eyes, chest and abdomein 
The paralysis then involves only ,he opposite arm, leg or face awl 
spares su* muscles as those of the eye, which act bilaterally, 5° » 
movement of the eyeballs and emotional expression are pres®''®^ 
When this inuial stage of shock subsides, spasm is found to exist in 
all muscles of the affected extremity, but with a difference in W”' 
between the antigravity and the gravity musdes-in other wonh, 
"’"f, P""°pn"y in maintenance of positinn 

posture, the muscles involved in maintaining the erect position in 
man are principally affected. The affected parts tend to assume tbc 
position of decerebrate ngidity described earlier in this article- TJn 
upper hmb IS aMucled at the Moulder, the elbow semiflexed, with the 
forearm pronated and the wrist and Angers flexed These moim”* 
represent the movements of the stronger muscles and it is the flrst 
(inly ''■“‘'"f"/ “> prevent these typical contract!® 

deformities. It is important to spUni the affected limbs in zero positi® 
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joints. The normal muscle is already possessed of the two properties 
of contraction and relaxation. Relaxation immediately afiects the 
paralyzed group, and its antagonists immediately begin to contract. 
Rest of a paralyzed muscle means both rest from its function of 
contraction and rest from its function of relaxing, which may result 
from contraction of its opponents. The position of muscle rest has 
already been described as being that position from which the reestab* 
lishment of function is most easily begun. Rest is most suitably 
accomplished by splinting, the splint being frequently removed to 
see that no damage is done over bony points and that no constriction 
of the blood supply to the damaged muscle has occurred. In the 



Fig. 4 — Wronc position for bcpnoins: \oluntarx movement of partially paralyzed deltoid. 
Cranty b too strong to allow any iiutation of movament in the damaged muscle 


mind of every untrained masseur is the delusion that massage can 
restore size and strength to the damaged muscle. This is absolutely 
untrue. No amount of massage can restore muscle power or contour. 
The only effect possible is stimulation of tbe stretch reflex if a part 
of this has not b^en destroyed. Violent massage to the muscle belly, 
now deprived of its nerve supply and in some cases with the vasomotor 
control damaged, can only result in further insult to the blood supply 
in the production of edema and, later, round cell infiltration. In the 
early stage, these flaccid muscles are undergoing degeneration Heat 
or the alternation of heat and cold, may arouse some vasomotor re- 
sponse and keep the tone of the blood vessels intact. Stagnation of 
circulation should be prevented m some cases by elevation of the part 
After a varying tune, which cannot be particularized in general dis- 
cussion, tests should be made to ascertain th, residuum of nervous 
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When the patient is seen with contracture deformities already 
developed, the surgeon must be consulted in the managernent o e 
joints, which is covered in another chapter. If muscle-tendon gf^ups 
must be lengthened, the present tendency is toward multi^e 
in the muscle at its junction with the tendon, rather than en 
lengthening operations. This is called myotomy, and has the 
tage of leaving a muscle-tendon system ready for immediate m g 
and active motion, without the necessity of a splitting proce 
hold the part immobile until union of the repaired tendon has oc • 
In Little’s disease, reeducation of the muscles ..um 

routine gymnastic exercises where the patient follows sym 
motions of the extremities, performed synchronously with o 
or both legs. These exercises should be done slowly. Iher ^ ^ 
advantage, but many disadvantages, in tiring the |,gs >> 

neuromuscular control. The importance of so-called “spaced e 
with plenty of time for rest between, has been emphasized y 
Robert Jones. troohy 

In disseminated sclerosis and other forms of muscular ^ 
which are generally classed as progressive, many ...Jed. 

improved from progression and the symptoms arrested 
In the early stages, massage, muscle training and exercises m y 
an apparent cure. Even if the further effects of the disease 
develop, a part of the strength of the muscle fibers has been i 
tained and at least the opposers and synergists of the mos 
muscles can be protected from the atrophy of disuse. Massage in t 
cases aims at maintenance of nutrition and assistance in 
of exercises. Fatigue must absolutely be avoided. The 
be improved after each treatment, or the treatment is 
The same applies to Parkinson’s disease, especially the type occun 
after encephalitis. 


Flaccid Paralysis 

The treatment of the muscles in flaccid paralysis can be g 
for clinical purposes, into (i) flaccid paralysis of nontraumatic ner 
lesion and (2) the flaccid paralysis resulting from complete or . 
peripheral nerve section. In the first group, it is seldom that the eam 
nervous control of the muscle is destroyed, and all treatment aW . 
in the first stages, to accomplish effective rest of the muscle, pend^B 

the time • - to find what residual nervous 

. of treatment, attempt is 

to prese . . — a, ,u,..e neuromuscular arcs which re 

and to develop whatever residual nervous control has escaped 
damage of the nerve lesion. Effective rest of the muscles should bep" 
immediately at the ume the paralysis develops. This will minim® 
necessity lor operate mterlerence or leave the limb in thebe* 
possible condil on for whatever operation may be necessary, 
this be transplantation ol tendons or stabilizing operations on 
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Bristow coil, may reeducate the voluntaty cerebral control so that 
the patient is soon able to produce this slight muscle movement him- 
self. Passive movement through a part oi the arc of the motion to 
be reestablished may aid in eliciting the memory of the motion. 
Massage is now available to relax the opposers prior to each treat- 
ment. The active treatment, however, consists of training the patient 



Fjo 6 — Positvon iot befinnlng vo\utvt4ty motion o{ pamlyitd deltoid. 



in voluntary motion. Such massage should be slow and even, the 
stroking firm and combined with gradual stretching of the contracted 
antagonists. Little massage^ is necessary over the flaccid muscle. 
Passive manipulation of the joint prevents contraction until the patient 
learns to use the paralyzed part. No flaccid paralyzed muscle should 
ever be allowed to stretch by passive motion of the joint. One treat- 
ment invoking thorough stretching of such a damaged muscle means 
that the whole task of retraining must be started over again Another 
warning should be given against overfaligue. If the patient can move 
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control. There is a«ly one true test 

the voimnd lest. We must ^ fwt « ^ 

feting tvith the slight rootion of a ?„®"4r’an(i the emosit 

weight ot the part, it could ^ suspended fte «■ 

of muscle regeneration tested by hayi g P 

tremity, which now, with the patient t" , ' ^j(er balk. 

being of the same specific grnyily P®'; 

Another method is to begin instance, ra'dfaoard 

tion, with the part lying on a smooth J "vil! illustrate te 

to which talcum has been applied. One e-euiPP . ^ ,n{b 
principle 1 the paralyied quadriceps .feeutu'S ^?“P \j is pasr; 
anterior poliom^Ptis, alter the infective stage of the dise® e- 



Fig. s — P atisnt able to abduct ana whea loice ol gravity it reiievt 


the chad, sitting in a diair, may not be able to raise the sg^aged 
gravity is too strong for the imtiation of movement in inis . 
muscle group. However, the child lying dovm, the Unee ana mp 
being in the position of semiftexioa, a slight further flexio 
hip can be produced voluntarily. This applies equally 
shoulder muscles and muscles of the arm. Should contraction ^ ^ 
antagonistic uninjured muscles have been allowed \o no 

neglect of treatment of the first sta^, even this test may ^ 
muscle action, although a slight voluntary control still u<;cle 

massage and stretching of the unaffected opposers, a slight^ 
action of the quadriceps may be found to remain. To my 
only use of electricity indicated is fo aid in restoring the 
of voluntary action of a muscle too far damaged to P«sem » ^ 
evidence of nervous control with the above tests. Often small aop 
of faradic electricity of the sine type, produced ivith the bma 
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Bristow coil, may reeducate the voluntary cerebral control so that 
the patient is soon able to produce this slight muscle movement him- 
self. Passive movement through a part of the arc of the motion to 
be reestablished may aid in eliciting the memory of the motion. 
Massage is now available to relax the opposers prior to each treat- 
ment. The active treatment, however, consists of training the patient 



Fic e —Position for bepcming voluntary motion of paralyzed deltoid 



Fig 7 — Commencing voluntary pronation Forearm has the minimum resistance of weight 
in this balanced portion 


in voluntary motion. Such mnssage should be slow and even the 
stroking firm and combined with gradual stretching of the contracted 
antagonists. Little massage is necessary over the flaccid muscle. 
Passive manipulation o( the joint prevents contraction until the patient 
learns to use the paralyzed part. No flaccid paralyzed muscle should 
ever be allowed to stretch by passive motion of the joint One treat 
ment involving thorough stretching of such a damaged muscle means 
that the whole task of retraining must be started over again Another 
warnmg should be given against overfatigue. If Ihe patient can move 
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the muscle in spaced exercises, only five or six actions of the injured 
muscle should be attempted in four or five treatments during each day. 
This is more valuable than pushing the return of motion by more 
violent action. If, on any given day, it is found that exercise cannot 
be performed with as much freedom as on the day previous, the treat- 
ment is being pushed too energetically, and the muscles should be 
maintained at rest by splinting for two or three days. Then the 
exercises can be gradually resumed. 
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Paralysis from Severed Nerves. — If the nerve is only partly 
severed, treatment is not so different from that described for flaccid 
paralysis in central nervous lesions. WTien the nerve is completely 
severed, early massage is indicated to minimize the scar tissue of the 
original injury, which may involve the muscle as well as the nerve. 
\Yhen the patient attempts to move the part, many unusual antago- 
nistic movements may result, as the impulse is not directed to the 
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movement of the muscle but to the performance of the motion. While 
the part is splinted during the treatment of the laceration itseli or 
the treatment of infection, gentle massage may preserve the vasomotor 
tone of the flaccid muscles, and, as no faradic response is elicited, 
the sine current of galvanism may aid in preserving the vasomotor 
reflexes, if these do not all reach the muscle along wth the severed 
nerve. If a nerve is severed near the shoulder or hip, a part o! the 



nc. position L„ of th. and fl«ors oE 


Sr ' "">=de from the autonomic 

[X while others travel 

After surcical remir nf tu Penpheral nerve, 
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treatment has as its only muscle. ^ 

control of the muscle. It is reedu<^Uon of the 7° 

Only a few contractions of ,he musete ddly' by IhL method shouW 
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be attempted. After the habit pattern is reestablished in the brain, 
the patient is able voluntarily to perform a minimum of motion under 
the type of management just described for the flaccid paralysis of 
central nervous diseases. 

In a recapitulation of this subject, Mennell has laid dovm certain 
principles which are briefly as follows: 

1. An enfeebled muscle cannot contract unless and until its antag- 
onist relaxes in conformity- 

2. To make sure that the patient's muscles know how to perform 
the movement, the sound Umb should be put through the same move- 
ment which we expect to reeducate in the injured extremity. 



3. In muscle reeducation, we must not set a task for the muscle 
more difficult than it can perform at any given stage in regeneration 

4- As one type of motion is accomplished, a second should be de 
vised, each entailing imperceptibly greater coordination than Uie 
previous one. 

5- Mackenzie has pointed oat that it is best to begin with retrain 
mg of the specific functions of each muscle and tf add concmed 
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movement of the muscle but to the 
the part is splinted during the 

the treatment of infection, gentle massage "’“V P is elidted, 

tone of the flaccid muscles, and, as the vasomotor 

the sine current of galvanism may aid in P ^ 
reflexes, if these do not all reach the part of the 

nerve. If a nerve is severed near the shoulder or P, 



vasomotor reflex reaches the affected muscle from the ““‘“““^el 
fibers traveling along the main arteries of the part, while others 
in the same sheath with the injured peripheral nerve. . 

After surgical repair of the severed nerve, if the operation is ^ 
cessful, faradic response gradually appears in the muscle, tara 
treatment has as its only importance, reeducation of the voiu 
control of the muscle. It is easy to overdo this faradic stimulauo • 
Only a few contractions of the muscles daily by this method snou 
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actions later. He believes that each muscle normally has one specific 
action. 

6. Submaximal effort should be repeated frequently a few times 
a day, and the maximum effort less frequently, if at all. 

7. The enfeebled muscle must never be stretched. 

8. If, on any day, the patient is found not able to perform as much 
motion as on the previous day, the task should be lightened for a 
few days. 

9. An atrophy from disuse is as hard, or harder, to cure than 
atrophy from disease. Nothing must be done which interferes with 
the blood supply or delays the venous drainage of the part. 



Fic 14 — Application of adhesive strap to protect paralyzed flexor 5>’slem of thumb 
(median paralysis) 


Inflammations of Muscles 

Myalgia (Muscular Rheumatism).— This term refers practically 
to all cases ol inflammations oi the muscles and their attachments 
u-ith the accompanying spasm and pain on motion. The treatment 
of this affection of the muscles, in its acute stage, is familiar to all 
physicians engaged in physical treatment and is more thoroughlv 
covered in the volume of this series devoted to internal medidne 
The treatment of acute rheumatic affections is, in a large navi enn 
slituhond the physical means applied to the affected muscles ’being 
only palliative. Hydrotherapy, for the purpose of stimulating the blood 
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actions later. He believes that each muscle normally has one specific 
action. 

6. Submaximal effort should be repeated frequently a few times 
a day, and the maximum effort less frequently, if at all. 

7. The enfeebled muscle must never be stretched. 

8. If, on any day, the patient is found not able to perform as much 
motion as on the previous day, the task should be lightened for a 
few days. 

9. An atrophy from disuse is as hard, or harder, to cure than 
atrophy from disease. Nothing must be done which interferes with 
the blood supply or delays the venous drainage of the part. 



Fig j4 —Application of adhcsne strap to protect paralyzed flexor system of thumb 
(median paralysis) 


Inflammations of JIuscles 

Myalgia (Muscular Rheumatism). — This term refers practically 
to ali cases of mfIamin.Ttions of the muscles and their attachments 
mth the accompanying spasm and pain on motion. The treatment 
of this affection of the muscles, in its acute stage, is familiar to ail 
physicians engaged in physical treatment and is more thorouchlv 
covered in the volume of this series devoted to internal medicine 
The treatment of acute rheumatic affections is, in a large part con- 
st, utional the physical means applied to the affected musdes being 
only pull, alive. Hydrotherapy, for the purpose of stimulating tS K 
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supply, and the use of various baking apparatus need no description 

''^Pemberton thinks that the physiologic backgrouiid P'*'™ 

of derangement of muscle function in these 
to do with an alteration in the “linM blood supply. ,rp™- 5 e 
study of the capillary beds shows various irregularities 



Fic 15 — Position for bepnning of active flexion of the elbow. 



Fio 16 —The stattmK position of acUve extension of the elbow. Thb also rep««^‘® ^ 
posilion of the completion of the movement miliated in Figure 15- 


in the blood content and flow. He finds that the capillary bed 

“rather immobile and in a state resembling vasoconstricOon “ 

responds inadequately to stimulation. The physiology of the ( 

of acute muscular rheumatism, then, involves the vasomotor tone 
the smaller arterioles, venules and capillaries. The restoration 
vasomotor control has been previously described in this article, a 
the same methods are applicable here as elsewhere when their derange 
ment is manliest. , „ 

Chronic myositis or, as aptly described by Albee, “myofascUi^ 
is an entirely dillerent problem. Here two important patholopa 
processes are present besides the changes in the blood supply 
described. The first of these is the tendency toward fibrosis, wh “ 
results from the nbrosUjs of the muscle reticulum; the other is Ih 
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development of specific deposits in the muscle, often near its tendon 
attachment. These deposits can be felt on palpation of the patient’s 
muscles. These nodes are capable of causing considerable pain on 
motion and often correspond to the definitely localized tender areas 
of chronic myositis. They correspond pathologically, in the main, to 
Aschoff’s nodes, which are peculiar to rheumatic infections. 



One of the notable features of the symptomatology of chronic myo- 
sitis is that, whereas the muscle is generally painful and tender on 
motion during acute myositis, when the acuity subsides, the patient 
will still complain of exquisite tenderness on motion, while, as a matter 
of fact, the pain on motion only exists if this movement causes com- 
pression of one of the nodes or areas' of induration just described. 
The sufferer is apprehensive of all motion, and, although the acute 
process in the muscle has long since burned itself out, the feeling 
of constriction persists, due to fibrositis in the affected muscles, and 
he interprets this as pain. After the joints have once been forcibly 
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moved, he realizes that a large pa^n thafhi mce ei- 

muscles is possible without the nsvchologic phenomenon is 

petienced during the acute -Les elected by uuskakd 

probably the basis ol *c many tcmarUblc cur^^^,^.^^ 

bone setters and irreguhar practitioners 



Fia i8. — ^To illustrate assistive exercise (or the bradiialis anticus (Tlie bi«P^ 
in this action when foream is in supination ) 


manipulate the joints imd muscles, liberating the muscle pamu 
from any fibrous deposits and restoring motion in a miraculous > . 
time. In chronic myositis, when the possibility of gonorrheal \ ij. 
culous infection of the nearby joints is eliminated, forcible 
tion under anesthesia in graded doses often aids greatly in gr, 

the return of function. Before each such manipulation, no 
baking, ma-ssage and passive motions up to the threshold ol P 
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should be repeatedly periormed. After the forcible treatment, bakii 
massage and passive motions must be resumed immediately to p 
vent the production of more disabling fibrous bands in the muscles. 

There is no question but that baking and massage aid tremendou; 
in the dissipation of the nodes just mentioned. Treatment of thi 
nodes is an important part of the physical treatment of chronic mj 
sitis. Radcliffe recommends special massage, with deep thumbi 
movements about and under the deposits, always accompanied 
kneading to stretch the adhesions and render these deposits mt 
mobile. This is, of course, in addition to the general massage of t 
entire muscle involved, lilarlin has applied galvanic current direc 
to the tender node, a needle attached to the negative pole being : 
serted and a current of five milliamperes being exhibited for three 
six minutes. This, of course, must be accompanied by specific massa 
of the tender areas. 

Some of the typical forms of chronic myositis can be mention{ 
Very often, on examination, a few affected muscles can be picked o' 
Commonly, the latissimus dorsi, the serralus magnus, the pectora 
the long muscles of the back and the muscles of the calf and thi 
present a definite increase in consistency to the palpating finger, a 
tenderness is elicited on palpation in the areas of greatest stiffne 
An old trick used by osteopaths is to examine a man’s back and t 
him, before he has pointed it out to the examiner, exactly where t 
pain exists. This is easy to do under careful palpation with t 
examined muscles in a relaxed condition. The tender spot correspon 
to an area of muscle spasm. 


Lumbago. — Lumbago may be described as a typical form 
chronic inflammation of muscles, although the fascia and fasc 
attachment and tendons of the back may or may not be also involv 
in the process. Early massage can frequently prevent full develo 
ment of an attack. Generally, baking, followed by deep massage, u 
relieve the local condition. This treatment, however, is symptomat 
The original focus of mfection or intoxication somewhere in the boc 
if such an etiologic factor exists, must, of course, be corrected, Carei 
diagnosis of the back case must be made to eliminate joint inflamm 
lions, and protective sp.ism to* relieve faulty joint relationships mi 
be ruled out before a case can be considered as a simple muscul 
lumbago In treatment by massage, after suitable heat has been appli 
to relax the muscles, surface stroking over the long muscles of t 
back from the sacrum toward the dorsal region is followed after 
few moments by deeper massage with the ball of the thumb expressii 
blood from the muscles with each motion. It is generally necessary 
treat the long muscles of the back well out from the region of snis 
and pam, extendinR, (or instance, it the complaint is pain in the upn, 
lumbar muse cs, lorr r^vr. m-er the sacrum and up over the mme 
of the dorsal spine. Deep rfbrations n-ith electric 
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establishing the circulation in the deeper muscles — for instance, the 
quadratiis lumborum. 

Stiff Neck or Rheumatic Torticollis,— This is quite similar in 
therapeutics to lumbago. After the application of heat, stroking snou 
be applied over the entire course of the sternocleidomastoid ^ 
muscles involved, followed by deeper kneading niovements. Uca- 
sionally a chronic case is benefited by forcible manipulation, iinu 
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in extent of motion, and preceded and followed by the usual physical 
treatment. 

When the chronic muscle pathology is generalized and after the 
acuity has disappeared, gentle general exercises and massage are 
valuable. Shoulder circling increases the blood supply to all the upper 
muscles of the arm, and wrist and elbow exercises have a similar effect 
upon the lower muscles of this extremity. Trunk exercises are bene- 
ficial to restore circulation and relieve fibrosis in the chest, abdominal 
and back muscles. It is important to reestablish full motion of all the 
muscles of the lower extremities before the various powerful fascial 
compartments have become shrunken from fibrosis and mechanically 
interfere %vith muscle movement. 

Physical Treatment After Tendon Operations 

Intelligent management of a case after a tendon operation has been 
performed depends upon a comprehensive knowledge of exactly what 



Fig jo — Method of splmtinp hand after a repair of the flexor tendons so as to allow 
early moscment of the tendons The muscles cannot pull stroncly enoueh to break the 
tendon sutures as the splint holds them in relaxation (From Lewis, Practice of Surgerj’, 
Haeerstown, Md, \V F. Pnor Co, Inc, 


was done at the operation and the result which is expected from the 
operative interference. If repair or plastic operation of the tendon has 
been surgically correct, and adequate fixation sutures have been intro- 
duced to make the tendon mecbanicaHy sound, physical treatment can 
be begun immediately after the operation and even before the skin 
sutures have been removed; in fact, it is preferable to splinting a case 
for several weeks until the tendon heals and then expecting to over- 
come the fibrosis which occurs around the tendon after this condition 
IS thoroughly established If the physical therapist is in doubt as to 
the tensi e strength of the tendon repair, it is necessary to allow a 
period oi several weeks for the repair to become firm before any 
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movement of the nearby joints can be instituted. In the latter 
heat and massage can be applied to restore the normal circuUUOT 
in the part from the beginning of the treatment, even 
tendon is firmly united. The operations upon tendons can be mvided 
into tenotomy, tendon lengthening, fixation of a luxated tendon, trans- 
plantation, repair of lacerations and freeing adherent tendorrs. 


Tenotomy, — This is done to correct a deformity and relieve tk 
pull of an over-contracted or shortened muscle. If the operation 
done subcutaneously, so that only a tiny skin puncture 
massage and manipulation up to the point of pain, to rcestaoiisn 
proper joint position after the causal factor of tendon shortening 
been removed, can be immediately instituted. The correctiOT ^.1^. 
deformity is the first objective in treatment. The second 
strengthening of the weakened opposers, whose action has now 
freed by culling the spastic or contracted antagonists. t - 

restoration of joint function by manipulation of the joint Ihroug 
range of motion up to the point of pain is generally f .. 
forcible restoration. The patient must be trained to 
tion of the stretched muscles. Faradic current aids in 
lost muscle action. If an open operation has been done for teno Ji 
It is important to prevent fibrosis in the operative scar 
massage, and, if there Is any keloid tendency, by the „ 

a quartz light or minimum doses of x-ray. Tenotomies are 
done about the feet to correct various talipes deformities. In this > 
wrenching of the foot forcibly to correct the deformed joint posj^n 
IS done at the time of the operation, and, whenever swelling J { 
result, these demand immediate physical treatment from the “‘V , 
oper.-it.on. The foot should be elevated and the baker nPP'i't'S 
times a day, accompanied by light stroking massage toward the “ )> 
to encourage^ venous and lymphatic return. There is a ennous 
connected tnth the distinction between tenotomies about the h® 
.and of the loot. After tenotomy for a pes cavus or for dest^" 
of the contracted tendons in a hammer tM, mobilization should 

'’’‘"ded tendois about the foot tend W 
is made to prevent this. In tenotom.es 
the hand or wr.st, however, union is quite stow, and there is .” 
difficulty in preventing the tendon from growing togkher. Every active 

tenTslo freatmfnt s\ouW be one which 

tends to pull the separated ends farther apart. 

fhfl"nVon1s""aSfc^^^^ 

of the revis^ mnsde.te’„don WiSrMi- 
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the physical management of these cases is that the operation be per- 
formed, not in the free part oi the tendon, which has no blood supply 
through a mesotenon, but in the muscle at its junction with the tendon, 
as this latter wound will heal readily and allow the immediate institu- 
tion of physical methods of treatment after the operation is performed. 
If the delicate tendons of the hand are lengthened in, or distal to, 
the wrist, no blood supply comes into the tendon through its mesentery, 
the mesotenon, and one must allow several weeks to elapse in order 
to insure a firm tendon union before manipulation of the nearby joints 
and active motion can be instituted. This is often a calamity, and, 
when treatment is finally begun, it is found that firm adhesions already 
bind the tendon in its sheath and only a part of the expected function 
can he reestablished. Thus, it is not advisable to perform a tendon 
lengthening in a finger or where the tendon is covered by a sheath, 
but this should be done above and where the tendon passes through 
a paratenon, as in the forearm or above the ankle. Jluscle stripping, 
as mentioned previously in connection with the operation of Baily In 
ischemic paralysis, is often mote successful than operations on the 
tendon or at the junction of the muscle and tendon, as the region of 
the muscle where the stripping is done (at its origin) is much more 
thoroughly supplied with blood than is the tendon. 


Tendon Fixation. — If proper muscular balance cannot be restored 
after the paralysis of certain muscles or muscle groups, by tendon 
transplantations, a fixation operation is of definite value. This opera- 
tion consists of dividing the paralyzed muscle at its junction with 
the tendon and reuniting this divided tendon to the bone, which fur- 
nishes a check on the antagonistic muscles. Occasionally a strip of 
fascia is used for the same purpose in stabilizing a joint and preventing 
the antagonist of a paralyzed muscle from pulling a joint into a 
position of deformity. These tendons, anchored to the bone are ordi 
nattly passed through a hole bored through the osseous structure and 
require the ordinary time of three or four rveehs for firm attacbmen^ 
to develop. Some strain on this nerr tendon preparation seems necesi 
sary to stimulate firm union. Such strain can be produced hr- ^ 
gently stretchmg a revised tendon at the time X„ 
gradual stretching of the contracted antagonists are 
It IS a curious fact that both bones and tendons rvill “efefe fS 

SrsTa^ 01= r%"ar “ 

Muscle and Tendon TranspJa/itatfofr 77.=^ 
essentially different. The reestablfehment oTa 
stitution of a tendon attached to a beafti,- 
perform the function of another ~ i = 

technic in both the operation and 
as the other. By the physiologic 
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by Mayer and Biesalski, the tendon to be transplanted is removed 
carefully from its bed after a long incision to expose its course. The 
carefully cut, and the tendon is slipped into the sheath 
oj the tendon of the paralyzed muscle. This provides the tendon r,ilh 
a physiologic sheath and overcomes in large part the greatest obstacle 
0 the resumption of function, adhesions. The first consideration of 
p j^ical^ treatment is to prevent adhesions. If the insertion of the 
tendon is firmly anchored into, and not onto, bone, gentle passive 
mo ion c^ be^ started ^Y^thln the first two or three days, and active 
assisted active motion in two weeks. Massage of the operative scar 
wound is healed, to prevent scar forma* 
<5f%A« k wound. Unless reeducation of voluntary motimt 

ii=.n/inr. patient may never learn to use the revised mmcle* 

finpr gross movements must be reeducated before the 

hv entire extremity can be reestablished 

of the larger joints first, then the smaller ones, 
iirai h^, muscle origins has been recently made prac- 

with the Tniif? method of transplanting a layer of bone, 

of this prominencfe. An example 

tensor fasciie transplantation of the origin of the 

of the ilitim anterior to the posterior superior spme 

medius Tels^ttho^ fragment, for paralysis of the gluteus 

forward on the anterior portion of the gluteus mxximus 

cases is eSediLJht^i^^ same purpose. Bony union in these 

Eerced mufcle into voluntary movement.^ calling the trans- 

after-care of unfortunately, for purposes of 

over-correction of the generally require a plaster cast for 

faces in apposition aft^ ^n^'Vk ^ j 

can generally be bivaJv#.^^ ?rthrodesis. Even if a cast is applied, k 
removed for gentle days and frequently 
of passive movement in °®bing and the produeP’on of a minunujn 
factory tendon transol^nfcr tendons. The most satis- 

to replace the tibialis antiJ^’'* sre the peroneus longus 

the fifth metatarsal for equino valgus; the tibialis anticus, 

hallucis longus or tibialis ® '^^rus; and the peronei with the flexor 
for talipes calcaneus fnar^iw* substitute for the tendo achili'S 
of muscle action can be arr^^}' three, a beginning retraining 

while the foot is in the cast slight voluntary motion even 


Tendon Repair The nri*^ 

is to omit the primary repair tendency in careful plastic surgery 
tions of the extremities, unless tendons in the cases of lacera- 

by a clean object, on a clean skin ^ ^o«nd has been a clean incision, 
soiled dressings in first aid If * * 1 ? contaminated by subsequent 
few hours after it is sustained an-® wound is seen within a 
’ Primary suture may be attempted; 
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otherwise, an interval of several months after the original skin wound 
has healed is allowed before the tendons are repaired. The after-care 
is of tremendous importance. The extremity is put up in a position 
which completely relaxes the repaired muscle tendon. The length of 
time allowed before passive motion is instituted depends on the 
mechanical skill with which the tendons were united. Slight daily 
passive motion is enough to prevent tiny adhesions within the tendon 
sheaths. Such motion is begun by Koch and Kanavel from the first 
day, in cases where no infection is anticipated. The advent of infection 
destroys all the benefit of careful and atraumatic surgical repair. 
Bunnell recommends wearing a check-rein of adhesive plaster, holding 
the wrist and fingers in flexion for four weeks after repair of flexor 
tendons of the fingers, and later the application of galvanic current to 
contract the flexor tendon, sharply breaking fine adhesions. If adhe- 
sions constrict the tendons in spite of thorough treatment, a second 
operation for freeing them, followed by daily passive and active 
motion, is advised. 

No tendon repair should be done by a surgeon who is not willing 
personally to supervise the after-care. 

Tendon Luxations. — The commonest dislocations of tendons occur 
at the knee, where the patella may slip outward; at the malleoli, where 
the tibialis posticus or the peronei may luxate to a position under 
the skin; at the shoulder, by the long head of the biceps leaving the 
bicipital groove; or in the hand, where the extensor tendon of a finger 
may slip off the knuckle. In partial luxations, especially when due to 
mechanical trauma, splinting, followed by exercises to strengthen 
muscle groups stabilizing the tendon motion, may be successful. In 
complete luxations and those accompanying congenital deformities or 
due to poor muscle and tendon development, operative fixation of the 
tendon in a newly prepared vinculum tendinum of fascia or periosteum 
followed by the usual physical treatment after the tendon operation’ 
is more successful. ’ 


Vaginai. and Mucous Bursae 

It is important to emphasize that there is no essential difference 
m the types of affections which involve the two types of bursae 
Churchman says that Albitius, in ,734, described sixteen pairs of 
sacs between tendons and bones and called them “bursae mucosae" 
to distinpnsh them rom the sheaths about the tendons of the uris/s 
and ankles, which \\ mslow had already identified and described as 
bursae vaginae. Piersol has said that bursae are sac? filled 
liquid found in various places where {licthn occurs be/nren rf.’^eref*- 
layers or structures. The tendons are often surrounded by 
and, according to Piersol’s definition the joint canrv 
Our consideration is limited to the vasiaal or ' 
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by Mayer and BiesalsW, the tendon to .'J ™Tie 

carefully from its bed after a long incision to w^se 
mesotenon is carefully cut, and the nrnJSes the tendon mtli 

of the tendon of the paralyzed greatest obstade 

a physiologic sheath .and overcomes in large pa consideration of 

to the resimption ot lunction, adh^.ons. The first cons®”„, ft, 
physical treatment is to prevent adhesions. It 
tendon is firmly anchored into, .and not onto, bo , g 
motion can be started within the fifit two or th . ,jtivescar 
or assisted active motion in two "'“’i®- ° .car iotma- 
is begun as soon as the skin wound is heaied, to p « motioo 

tJon in the operative wound. Unless reeducation o muscle* 

is soon begun, the patient may never “®y^,,cated beiorc the 

tendon system. The gross movements must be reea pg^tablisbed 
Finer ones. Coordination of the entire extremity ca -,„a!ler oRc^- 
by rhythmic exercise of the larger joints first, prac- 

The transplantation of muscle oripns has been recen > 
tlcal by the application of the method of transplanting y example 
with the muscle origin, to some new bony ’nTiein oi fbe 

of this procedure is Dickson’s transplantation of tpe * ^pinc 
tensor fasciae iemoris from the anterior to the posterior s y 
of the ilium, rvith a bone fragment, for paralysis , , -^irnus 

medius. Telson has shifted the anterior portion oi the jiiese 

forward on the iliac crest for the same purpose. Bony u 
cases fs expedited by minimum voluntary movements calling 


(erred muscle into play. urnoses 

Corrective operations for talipes unforlunatriy, cast lo^ 

after-care of muscles and tendons, generally require a 
over-correction of the deformity or for retaining the fresh jt 

faces in apposition after an arthrodesis. Even if a cast is JP^gjuJy 
can generally be bivalved within the first few days and 
removed for gentle massage, baking and the production of a ni 
of passive movement in the new implanted tendons. The mos 
factory tendon transplantations in (he foot are the 
to replace the tibialis anticus in eqoino valgus; the tibimis a 
the fifth metatarsal lor talipes varus; and the peronei .,rfi 5 

hallucis longus or tibialis posticus to substitute for the 
for talipes calcaneus (paralytic). In all three, a beginning 
of muscle action can be accomplished by slight voluntary motion c 
while the foot is in the cast. 


Tendon Repair. — ^The present tendency in careful 
is to omit the primary repair of severed tendons in the cases of 
tions of the extremities, unless the wound has been a clean ( 
by a clean object, on a clean skin and not contaminated by a 

soiled dressings in first aid If such a clean wound fs seen 
few hours after it is sustained, a primary suture may be attemp ' 
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lining, as compared with many of the superficial bursae, is that the 
latter are easily destroyed by disease or scarifying agents and show 
more tendency to disappear completely after partial resection, inflam- 
mation or scarification and injury than the former. This termination 
is less important, so far as function is concerned, and is often the 
aim of treatment, whereas the mucosae vaginae must be intact if 
tendon function is to be conserved. 

The Bursae Vaginae. — Several anatomic and physiologic consid- 
erations arise in connection with tendon-sheath pathology and treat- 
ment. Bunnell (Fig. 20 ) has shown that the protective covering and 



Fic 3 j —Microscopic cross section throucb the hi!us of the extensor longus hallucis 
tendon (adult). LcUz obj 3, oc. i, tube 140 T. C. tendon cells; E. T. endotenon; Ep. 
epitenon ; M T tnesotenon 

The mesotenon expands at its insertion into the tendon, forming a delicate tightly 
adherent connectixc-tissue enveloping layer — the epitenon From the epitenon, connective- 
tissue septa extend into the tendon, separating it into larger and smaller bundles These 


blood supply differ in the longer tendons, depending on whether the 
tendons exert a straight pull or must pass at un angle or around a 
corner to reach their attachment. In the former case, a tendon glides 
in the paratenon, a specialized fat between the tendon and the firm 
fascial compartments in the vicinity. Here the blood supply is ample 
being supplied by branches from the muscle and hclicine or tortuous 
vessels passing through the paratenon and long enough to follow the 
tendon movement. The loose, fatty tissue is attached to the tendon 
and glides with it. Fatty tissue is notably slow in developing fibrosis 
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ing tendons and the bursae mucosae. 

important in therapeutics, of >'•■"''" 6 “^ iccording to msol, mti 
synoviaie, while the latter ate ““"of Lrfcctlon ol to 

a “more or less cellular lining," %otnf 4 s complete in the sab- 
synovial lining in the f>o«f to Hamah 

cutaneous than in some of the ^oepe bujsae is neither epi- 

and also Braun, the synovial S and, tberefoie. «f 

thelium nor endothelium, but real ^ the name 

' mesodermal origin, and Jones has, “"“'‘'rilopmS of speciScally 
“mesolhelium.” The importance of *0 ‘’fvelop ^1,^20, 

differentiated and secreting lining memnran 
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from using a scoop in filling ba^ and repeated supination in turning 
heavy ledger sheets. The reader is referred to Bunnell’s excellent 
article on synovitis in '‘Lewis’ Surgery.” The pressure of puttees or 
heavy shoes on the peroneal and Achilles tendon results in exquisitely 
painful synovitis about the ankle. 

As the tendon sheath becomes congested and roughened, fibrin is 
deposited on the synovial surface, and often a pathognomonic tendon 
crepitus can be felt or even heard on motion. Effusion, with a tender 
sausage-shaped swelling along the course of the tendon, may eventuate. 

The symptoms may subside with a few days’ rest and immobiliza- 
tion, but return when the offending motion is resumed. These con- 
stitute one of the most troublesome types of minor injury with which 
the industrial surgeon is confronted, as he is never able to make a 
definite prognosis, the most insignificant case sometimes being disabled 
for weeks or months In the management of both the acute and chronic 
stages, absolute immobilization of the joints whose motion causes 
pain is indicated. For this affection in the thumb and extensors of the 
wrist and fingers, a cock-up splint serves admirably. If the flexors 
are affected, a dorsal splint, with the fingers and wrist completely 
flexed, is better. In all cases, the fingers must be completely im- 
mobilized. Massage, in our experience, is disastrous, and heat is best 
applied as diathermy for one to two hours daily. The danger of 
fibrous-adhesion development in the traumatic case is an important 
one. Some cases can return to work after all pain on motion has dis- 
appeared, wearing a leather wristlet or a liquid-plaster wrist and hand 
splint (Fig. 20 ). 

Pyogenic Tenosynovitis. — The advent of tendon-sheath infection 
after trivial infected wounds of the fingers or hands requires imme- 
diate and wide surgical incision to drain thoroughly the sheath to the 
limits of involvement, Before the wound has healed, passive motion 
to prevent fibrous-tendon and tendon-sheath adhesions is imperative. 
This may seem radical but is urgently advised. Dry heat and passive 
motion with light stroking massage are indicated in the same case, 
as the motions of nearby joints must be conserved from the very 
beginning of treatment. 


Gonorrheal Tenosynovitis.— In the course of an acute or chronic 
gonorrheal infection, a tenosynovitis may occur. Often this is described 
by the patient as following some minor contusion or strain. The indus- 
trial surgeon must be on the look-out for such an etiology in every 
supposedly traumatic case. Complement fixation and smears from the 
genitalia aid in deciding. The prognosis in these cases is much worse 
as regards loss of function from adhesions and ankylosis, than almost 
any other type of synovntis. The course is prolonged. Vaccine therapy 
occjistonally ytelds a st.ytl.„gly rapid improvement. Active and passive 
motton and manipulation are contraindicated at all stages ol treat 
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and adhesions after injury or infection, hence the danger of constrict- 
ing fibrosis in this portion or type of the tcndon-musde system is at 
a minimum. Operations for tendon repair or revision are best per- 
formed here. When gliding around a curve, the tendon moves in a 
smooth, lubricated tendon sheath lined with synovial membrane. This 
sheath is a closed sac, indented at the two ends to allow for motion 
of the tendon within it. The lubricating fluid changes with inflamma- 
tion, and too much or too little fluid is the source of symptomatology- 
Pain on motion results from roughening of the synovial lining. Con- 
striction of this sheath, which is, even under normal conditions, snug, 
interferes \vith the gliding and constricts the blood supply to the 
tendon. This blood supply to the tendon in its sheath generally reaches 
|t th'^ough a loose mesentery, the mesotenon, capable of stretching 
in either direction to accommodate the limit of tendon motion (rig 
2 i). If this is inflamed, the vessels which it carries are constricted, 
causing tendon ischemia or congestion with subsequent damage. The 
^ay shorten from chronic inflammation, causing ^hrosis 
and binding the tendon, restricting Us motion mechanically- Tms 
deucate arrangement of a tendon in a snug sheath, with a lubricating 
fluid content and complicated blood supply, makes this a point o 
election for adhesive tenosynovitis and the constrictive affection nrs 
described by de Quervain as "stenosing tenovaginitis ” This is a poo 
site for tendon operations. In some locations near tendon insertions, 
and m some individuals at all points in the sheath-enclosed tendon, 
it IS entirely devoid of mesotenon. The tibialis posticus and flexors o 
the [jngers are examples of this lack of adequate blood supply- W 
sma 1 blood supply these tendons receive must arrive from either end 
tendons themselves. The slightest degree of 
inflamma^n or edema of the tendon obstructs this imperfect supply 
tondon SO Supplied is in the worst possible situation (or 
operation or repair, or for resistance (o infection 

TtNOSYKOVlTlS 

mteUoJs .inflammation may be traumatic; 

commonest type ol the Iaft« rS bv th/'! .V,"''’"”'""’ ’?“‘r\vrist 
around the tendons of the lonn author occurs m lb 

the thumb. The exercise of the mfa j' " ‘1"'’ ‘*1® 
or usioR a hammer may affect th?flex" 'ITh®’ ? ® a ° -st tS 

commonest ocenpatioma, ^ynovi.ist“Se“lSLrrexpSlrtIJ^ 
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Stenosing Fibrous Tenosynovitis of de Quervain. — In 1895 
de Quervain, of Basle, Switzerland, described five cases of this malady, 
but no mention of it appears in American literature until Schneider, 
of Milwaukee, reported fifteen cases in 1928, In all these cases the 
sheaths of the abductor pollicis longus and the extensor pollicis brevis 
were affected, where these tendons pass under the superficial dorsal 
carpal ligament, although from clinical observation we know that a 
similar process probably develops about the ankle, particularly around 
the peroneal tendons after os calcis fracture, and about the extensors 
at the wrist. Some of the cases of de Quervain and Schneider resulted 
from monotonous use of the thumb, occasionally following a single 
trauma to the dorsum of the wrist, while some appeared to have a 
“rheumatic” background. Roentgenograms revealed a calcareous de- 
posit on the radius at the site of the fibrocartilage disk, probably in 
the diseased tendon sheath where it is closely adherent to the bone. 
De Quervain found a fibrosis in the middle layers of the tendon 
sheaths. Nussbaum, in operating on these, described five layers in the 
sheaths, with the middle layers composed of firm connective tissue 
arranged at right angles to each other, that is, one longitudinal and 
the other transverse. These two layers presented marked fibrosis, 
constricting the sheath which was too narrow for the tendon to pass. 

These patients complain of severe pain on extension and abduction 
of the thumb, being often entirely unable to accomplish these motions. 
Even gripping and ulnar motion, or extension of the wrist may pro- 
duce pain. A thickening may be palpated on the dorsum of the lower 
end of the radius, but there is no redness or crepitation on motion. 
Despite rest of the extremity and the application of electric heat, the 
pain becomes increasingly severe. Schneider cured seven cases in ten 
by the application of a plaster splint, including the thumb and fore- 
arm, but several were relieved only by surgical intervention. In some, 
as de Quervain suggested, he split the involved tendon sheaths, in- 
cluding the dorsal carpal ligament, and applied a cast. Later, heat, 
light, massage and active motion were given, and, in the operative 
cases, all recovered completely. 

Decompression operations based on this principle are advised in all 
cases of chronic synovitis in which the subjective symptoms are not 
relieved in a reasonable time — four to six weeks — by complete im- 
mobilization and baking. Many months of loss from remunerative 
employment can be saved the patient by timely surgical intervention 
in resistant tenosynovitis. 


Bursitis 

For purposes of treatment, Imrsac mucosae can be considered in 
two classes; (i) Superficial and subcutaneous bursae, which varv 
considerably in size, number and position and are not necessary to 
the function of movinj structures. All remedial treatment can be 
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ment, until months after all subjective symptoms have disappeared. 
Adhesions cannot be prevented in this affection. Ankylosis and fibrosis 
must be expected. The probable loss of function should be explained 
to the patient early in the course of treatment. 

Tuberculous Tenosynovitis. — ^This commonly affects the sheaths 
of the extensor or flexor tendons at the wrist or, less commonly, those 
about the foot and ankle. Early in the course, it is mistaken for a 
mild tenosynovitis resulting from a trivial injury, but the progression 
of swelling, due to either serous effusion or perisynovial hyperplasia, 
without much tenderness, redness or pain, marks the case as the 
result of some specific granuloma. There may or may not be a demon- 
strable focus of tuberculous infection elsewhere. If a nearby joint is 
involved, the diagnosis is quite simple. The distinction from a syphi- 
litic affection cannot easily be made except by the serologic tests on 
the blood or cerebrospinal fluid. If syphilis is diagnosed, the local 
treatment of the synovitis is greatly aided by general specific treat- 
ment, Tuberculous synovitis can be approached in two ways: by the 
conservative treatment, such as used for joint tuberculosis, comprising 
complete fixation of the part aided by both local and general helio- 
therapy, and by hjTJeralimentation. The general care of the tubercu- 
lous patient is as important as rest of the focus of infection. If, after 
several months, the local disease is progressing — that is, swelling 
increases and sinuses appear as the process is extending along the 
muscle-tendon system — or there is evidence of necrosis of tendon, 
complete excision of the tendon sheath and pathologic tissue in the 
vicinity, including the necrotic tendon, must be performed. Kanavel 
seems inclined toward this radical treatment early in the course of 
the disease as lea>nng a better condition in which to begin reconstruc- 
tive tmd reeducalive treatment of the remaining intact structures of 
the part. Bunnell suggests early incision into the tendon sheath and 
the introduction of 5 per cent iodoform in glycerin, followed by pro- 
longed immobilization on a splint. However, the general rule can be 
made that if a tuberculous focus in the tendon sheath is not improv- 
ing in appearance after a few weeks of splinting, one sort or other of 
surgery is indicated. 

Rheumatic and Gouty Inflammation of the Tendon Sheath. — 
This is diagnosed by the occurrence of foci elsewhere. In the rheu- 
matic affection, the tender swelling may appear suddenly. A history 
of various joint, muscular or bursal affections elsewhere makes a 
diagnosis. The acute stages demand splinting and gentle baking. After 
the local focus of infection or allergic reaction h.Ts subsided, heating 
followed by passive motion and retraining of atrophied muscles aids 
in preventing deformity and loss of function. The general physical 
treatment of rheumatism Is of as much importance as local measures. 
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Stenosing Fibrous Tenosynovitis of de Quervain. — In 1895 
de Quervain, of Basle, Switzerland, described five cases of this malady, 
but no mention of it appears in American literature until Schneider, 
of Milwaukee, reported fifteen cases in 1928, In all these cases the 
sheaths of the abductor pollicis longus and the extensor pollicis brevis 
were affected, where these tendons pass under the superficial dorsal 
carpal ligament, although from clinical observation we know that a 
similar process probably develops about the ankle, particularly around 
the peroneal tendons after os calcis fracture, and about the extensors 
at the wrist. Some of the cases of de Quervain and Schneider resulted 
from monotonous use of the thumb, occasionally following a single 
trauma to the dorsum of the wrist, while some appeared to have a 
“rheumatic” background. Roentgenograms revealed a calcareous de- 
posit on the radius at the site of the fibrocartilage disk, probably in 
the diseased tendon sheath where it is closely adherent to the bone. 
De Quervain found a fibrosis in the middle layers of the tendon 
sheaths. Nussbaum, in operating on these, described five layers in the 
sheaths, with the middle layers composed of firm connective tissue 
arranged at right angles to each other, that is, one longitudinal and 
the other transverse. These two layers presented marked fibrosis, 
constricting the sheath which was too narrow for the tendon to pass. 

These patients complain of severe pain on extension and abduction 
of the thumb, being often entirely unable to accomplish these motions. 
Even gripping and ulnar motion, or extension of the wrist may pro- 
duce pain A thickening may be palpated on the dorsum of the lower 
wd of the radius, but there is no redness or crepitation on motion. 
Despite rest of the extremity and the application of electric heat, the 
pain becomes increasingly severe. Schneider cured seven cases in ten 
by the application of a plaster splint, including the thumb and fore- 
arn^ but several were relieved only by surgical intervention. In some, 
as de Quervain suggested, he split the involved tendon sheaths, in- 
c udmg the dorsal carpal ligament, and applied a cast. Later, heat, 
ignt, massage and active motion ivere given, and, in the operative 
ca^s, all recovered completely. 

ecompression operations based on this principle are advised in all 
synovitis in which the subjective symptoms are not 
u'l* I” ^ reasonable time— four to six weeks — by complete im- 
emJ baking. Many months of loss from remunerative 

P oyment can be saved the patient by timely surgical intervention 
resistant tenosynovitis. 


Bursitis 

f’^Toses of treatment, bursae mucosae can be considered in 
considp^kf' and subcutaneous bursae, which vary 

the fnn?4j number and position and are not necessary to 

nction of moving structures. All remedial treatment can be 
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flirpcted toward the obliteration, destruction and removal oi these 
structures, since they ate not necessary to the function of *e pad. 
Furthermore, constant or repealed pressure 

mation of a new adventitious butsa wherever such ^ ^ 

needed. Inflamed hursae ot this type ran be aspirated and the 'nmg 
scarified or injected with escharotics. After aspiration, '“Se 
diathermy, followed by compression bandaging, - may result in their 
obliteration. If purulent infection develops, wide incision and packing 
or complete surgical removal results in a cure._ i.mrtion 

(a) The deeper hursae are of far greater importance m f ■ 
They may be classified as: (a) subfascial, aiding the mobon oflasci 
pSs U^n each other; (b) submuscular which are Wween two 
muscles, between a muscle and some skeletal part ^ 

and a tendon; (c) subtendinous bursae, s; 

and bone, between tendon and ligament or between two 
(d) periarticular bursae, like the bursae subscapularis and 
subcruralis, which often connect with a contiguous joint. Th 
bursae are important as being the location ot much « 

and ndstaken diagnosis. The surgical approach is often diinran 
exposes important structures, so that surgical removal is not a j 
feasible without a destructive operation. The tendency to ““ , 

cate with nearby joints accounts tor the danger oi the extent 

an infection from bursa to joint. n.veIoD- 

Being quite like the tendon sheaths and joint cavities in oevei p 
roent and anatomy, the bursae mucosae present the same patno s 
reactions to trauma, iniection and irritation as do the former s 
tures. In chronic bursitis, resulting from trivial trauma or^ repe 
unusual motion, the question of a rheumatic element in the innam 
tion always enters the mind of the examiner. ^ , 

Because of the complicated arrangement and contiguity oi 
tant structures, all types of bursal pathology, except 
tion, should be given the benefit of thorough and prolonged pnys 
treatment before operative intervention is contemplated. For an 
telligent approach to the treatment by physical means, the 
must Nusualize the probable pathology of the bursa and 
structures at different stages of inflammation. Deering has admira y 
classified these stages somewhat as follows: 


j. Acute reactions with effusion or fibrin deposition beginnings 
2* Fibrous adhesions forming and contracting, wth as^ciateo fas* 
ciai fibrosis and sometimes periarticular fibrosis in a contiguous 
X. Muscular atrophy. _ 

4, Calcium and fat deposition in the bursa or obliterative riDrosis- 


Sometimes the inflammation begins insidiously, tvith no acuity, 
stiffness of nearby joints and pain on motion being the first complaint* 
The early local treatment consists of heat, particularly diathermy, 
and absolute rest of the part in a position relaxing pressure upon tne 
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affected bursa. Gentle massage up to the pain threshold maintains 
muscle nutrition and relaxes spasm. This, if unrelieved, would result 
in muscle atrophy and fibrosis. Elevation is indicated in cases of 
hyperacuity or pathology suggesting pyogenic infection. Repeated 
aspiration is indicated in the first stage, as long as the bursa is mark- 
edly distended with fluid. In the second stage, fibrous adhesions in 
the bursa and nearby tendon sheaths or between muscles must be 
prevented, even at the expense of some pain to the patient, by means 
of gentle manipulations and active stretching exercises to maintain 
joint, tendon and muscle movement. Heat is continued. 

Often the case is seen first during the third stage, when the acuity 
has subsided but much associated pathology of muscle atrophy and 
fibrositis is already established. Besides the physical treatment already 
mentioned, forcible manipulation under gas is necessary, in graded 
operations, however, at each treatment only a few degrees of one move- 
ment being attempted and followed by massage and baking. For in- 
stance, in the neglected third stage, subdeltoid bursitis, only a few 
degrees of abduction of the stiffened and atrophied shoulder muscles 
are attempted the first time. Later, complete abduction is accomplished 
and, still later, external rotation and, lastly, internal rotation. Faradic 
stimulation of functionless muscles with a Smart-Bristow coil initiates 
muscle retraining. Assisted exercises follow the institution of volun- 
tary muscle action. 

In the last stage, when calcium salt or amorphous fat can be seen 
filling the bursa, diathermy has an almost specific action in hastening 
its resorption. 

Special Forms of Bursitis 

The chronic cases presenting no positive roentgenologic findings 
are often mistaken for traumatic periostitis, neuritis, articular syno- 
vitis, a primary affection of nearby tendons or their sheaths, or 
myositis A definite diagnosis is imperative to enable one to make a 
decision between operative and physical treatment. 

Bursae About the Shoulder. — All types of inflammation in the 
structures about the shoulder joint are characterized by pain on motion 
joint, limitation of motion and a tendency to hold the arm 
adducted against the side. It is difficult to make an accurate differen- 
tial diagnosis of the pathology and the etiologic factors involved in 
this symptom picture. The subdeltoid or subacromial bursa is the 
most frequent of the structures outside the joint cavity proper to 
present lesions of traumatic or inflammatory etiology. A fall on the 
outstretched arm brings the greater tuberosity smartly against the 
acromion process. Continual exertion with the arm hyperextended 
irritates structures covering these bony processes, in a less violent 
maimer If the patient has a tendency to synovial irritation from 
-ome chronic toxemic or allergic reaction affecting joint and synovial 
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directed toward the obliteration, destruction and 
ftrStures since they are not necessary to .‘■"chono the part. 
Furthermore, constant or repeated pressure ™ is 

mation of a new adventitious bursa '''■‘f .1. 
needed. Inflathed bursae of this type can be aspirated ^ “ J 

scarified or injected with escharotics. Yil mav rifft in their 

diathermy, followed by compression bandaging, may resmr i 
SferaTton. If purulent infection develops, rvide inaston and packing 

or comolete surgical removal results in a cure. f.mf'tion 

(aTThe deeper bursae are ot far greater importance in function. 
They maybe classified as; (a) subfascial, aiding the mo 

planes upon each other; (b) „ betrveen a muscle 

muscles, between a muscle and some skeletal part or b vee 

and a tendon; (c) ^^byndinons bursae which ^ 

and bone, between tendon and ligament or between wo 

(d) periarticular bursae, like the bursae subscapular „ ^ jpet 

subcruralis, which often connect with '‘.“'"'pous joint These P 

bursae are important as being the location of “pb obscurejpam 

and mistaken diagnosis. The sutpal W.roacb 

exposes important structures, so that surpp to coromuni' 

feasible without a destructive operation. The 'endCTCy 

cate vdth nearby joints accounts for the danger ot the extension 

an infection from bursa to joint. , . • , ,.„ailes in develop- 

Being quite like the tendon sheaths and joint cavities m 
ment and anatomy, the bursae mucosae pccsof tbe same path^^^P_ 
reactions to trauma, infection and irritation as do *e to 
tures. In chronic bursitis, resulting from trivial ® ;_oL,ma- 

unusual motion, the question of a rheumatic element in the in 
tion always enters the mind of the examiner. . 

Because of the complicated arrangement and contiguit) o 
tant structures, all types of bursal pathology, '^ept purule t ^ 
lion, should be given the benefit of thorough and pc“'°"Sed P 
treatment before operative intervention is c'i"tc“P™“- 
tellicent approach to the treatment by physical means, the pny 
must^sua&e the probable patholog^ of the bursa and c-'^ably 
Structures at different stages of infiammation. Deermg has adm 
classified these stages somewhat as follows: 

I. Acute reactions %vith effusion or fibrin deposition 

2*. Fibrous adhesions forming and contracting, w*ith ..int 

cial fibrosis and sometimes periarticular fibrosis in a contiguous Jo 

. 1 . Muscular atrophy. rwosIs. 

4 Calcium and fat deposition m the bursa or obliterative noro 

Sometimes the inflammation begins Insidiously, with no 
ctiffness of nearby joints and pain on motion being the first compia • 
Thp early loca^ treatment consists of heat, particularly 
and absolute rest of the part in a position relaxing pressure upon t 
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tion of the supraspinatus tendon. In lesions of this tendon, internal 
rotation and abduction are more painful than external rotation and 
abduction, which latter are more painful in the subdeltoid affection. 
An x-ray taken with the arm rotated outward, the tube focused from 
a position close to the base of the neck and directed downward and 
posteriorly, is likely to show the suptaspinatus pathology, while an 
ordinary anteroposterior flat plate visualizes the subdeltoid bursa 
clearly. The distinction in subdeltoid and supraspinatus pathology 
from the standpoint of treatment is an important one, since chronic 
inflammation in the former yields much more readily and uniformly 
to diathermy and the abduction splint than the latter, which gives a 
much more hopeful prognosis of function return after early operation 
for removal of the pathology in the tendon, Harbin finds the area of 
degeneration and calcium deposition often entirely limited to the 
tendon at operation, without any associated changes in the subdeltoid 
bursa. The tissues within and beneath the deltoid muscle share with 
those about the elbow joint in a characteristic tendency toward cal- 
cium deposition after injury or irritation. Schujenioff found that 
calcium may be deposited in the deltoid muscle fibers within 36 hours 
after suture of a laceration of this muscle. Calcium deposition proceeds 
pari passu with a tendency to fibrosis, making any shoulder injury 
particularly likely to result in early stiffness and limitation of motion. 

Acromial bursitis is quite superficial, and the inflamed bursa can 
be palpated neat the surface at the top of the actomion. 

Tenosynovitis of the long head of the biceps presents a tenderness 
far anterior, under the deltoid and along the bicipital groove. External 
rotation and extension of the shoulder are painful, as is bicipital action. 
Local crepitus may be present. 

Bursitis of the coraco-acromial, subscapular and infraspinatus 
bursae is rate, and the tenderness is localized and not adjacent to the 
subdeltoid tender points. The first may be located under the coracoid 
process in front, or farther anterior, beneath the combined tendon 
of the coracobrachialis muscle and the short head of the biceps. The 
subscapular bursa lies between its muscle and the joint capsule with 
it typically communicates, and inflammation rarely involves 
this without, or is diagnosed separately from, disease of the joint 
proper. 


Periostitis of the humerus at the deltoid insertion may be traumatic 
from forcible deltoid action, or associated with myofascitis here. 
Abduction is painful, but no other signs of subdeltoid bursitis are 
present, and x-ray may show a local roughening or exostosis of the 
periosteum. These yield slowly to diathermy, but shoulder-joint 
motions can easily be preserved. 

Brachial neuritis, or radiculitis with or without roentgenologic evi- 
dence of cervical arthritis, is more tender at the nerve exits from the 
cervical spine and tends to produce pain radiating along the unner 
border of the trapezius and definitely down nerve trunks of the arm 
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surfaces, less friction is necessary to produce serous or plastic reac- 
tions of bursal surfaces. 

Codman investigated the pathology of subdeltoid bursa reactions 
23 years ago and described this bursa as follows: “Its base is formed 
by the tuberosity of the humerus and the tendons of its rotators, which 
are inserted into the tuberosity. Its roof is formed by the periosteum 
beneath the clavicle, the coraco-acromial ligament and the acromion, 
and by the upper part of the fibers of the deltoid muscle. Its limits 
beneath the deltoid muscle vary considerably, but the outline is likely 
to be trilobar, like a clover leaf, and to extend below the edge of the 
point. On the whole, it is circular in outline, concavo-convex in shape, 
and about the size of the palm of the hand.” The sensory neiwes aris- 
ing from the shoulder joint and from this large subdeltoid bursa, 
which may be spoken of as an accessory shoulder joint, go to the same 
cord level which supplies motor impulses to the muscles in dose 
proximity to the shoulder joint, and sensory irritation is reflected to 
these muscles as protective spasm, fixing the shoulder in adduction 
and slight internal rotation. This position is identical with that of 
decerebrate rigidity and allows the powerful adductors and internal 
rotators to stretch the weaker external rotator and abductor groups. 
The establishment of function of the weaker group about any joint 
is more difficult than rehabilitation of their stronger antagonists, 
particularly when the stronger group, as here, are the “gravity 
muscles” with “plastic tone.” On physical examination, the greatest 
tenderness is found either over the middle of the deltoid or over its 
insertion, or distributed in both of these points. Pain on abduction 
may begin wth the first few degrees of motion and be localized on 
the outer aspect of the arm at the deltoid insertion, or suddenly appear 
at about right-angle abducUon, localized just below the acromion. 
No pain or tenderness should be expected in the uncomplicated sub- 
deltoid lesion over the anterior border of the deltoid or about the 
bicipital groove of the humerus. In examining shoulder motion, it is 
an important item of technic for the examiner to seize the scapula 
firmly and prevent its rotating motion to replace the shoulder joint 
motion in the stiffened or painful shoulder. Codman’s test of having 
the patient flex the spine forward and let the arms hang down, then 
arise, bringing the arms up to the horizontal with the body, is impor- 
tant. When this maneuver is performed, a sharp pain is generally 
experienced in the shoulder when the erect position is resumed and 
the humeral head is brought up against the acromion. 

In 1906, Dawbarn described a sign rather characteristic of prolif- 
erative changes or Mlcium deposition in the supraspinatus tendon, 
in studying suMeltmd bursitis, but Stevens, in 1909, first recognized 

id subdeltoid bursitis 
tenderness just above 
s under the acromion 

u.. . constant in calcifica- 
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tion of the supraspinatus tendon. In lesions of this tendon, internal 
rotation and abduction are mote painful than external rotation and 
abduction, which latter are more painful in the subdeltoid affection. 
An x-ray taken with the aim rotated outward, the tube focused from 
a position close to the base of the neck and directed downward and 
posteriorly, is likely to show the supraspinatus pathology, while an 
ordinary anteroposterior flat plate visualizes the subdeltoid bursa 
clearly. The distinction in subdeltoid and supraspinatus pathology 
from the standpoint of treatment is an important one, since chronic 
inflammation in the former yields much more readily and uniformly 
to diathermy and the abduction splint than the latter, which gives a 
much more hopeful prognosis of function return after early operation 
for removal of the pathology in the tendon. Harbin finds the area of 
degeneration and calcium deposition often entirely limited to the 
tendon at operation, without any associated changes in the subdeltoid 
butsa. The tissues within and beneath the deltoid muscle share with 
those about the elbow joint in a characteristic tendency toward cal- 
cium deposition after injury or irritation. Schujeniofl found that 
calcium may be deposited in the deltoid muscle fibers within 36 hours 
after suture of a laceration of this muscle. Calcium deposition proceeds 
pari passu with a tendency to fibrosis, making any shoulder injury 
particularly likely to result in early stiffness and limitation of motion. 

Acromial bursitis is quite superficial, and the inflamed bursa can 
be palpated near the surface at the top of the acromion. 

Tenosynovitis of the long head of the biceps presents a tenderness 
far anterior, under the deltoid and along the bicipital groove. E.tternal 
rotation and extension of the shoulder are painful, as is bicipital action. 
Local crepitus may be present. 

Bursitis of the coraco-acromial, subscapular and infraspinatus 
bursae is rare, and the tenderness is localized and not adjacent to the 
subdeltoid tender points. The first may be located under the coracoid 
process in front, or farther anterior, beneath the combined tendon 
of the coracobrachialis muscle and the short head of the biceps. The 
subscapular bursa lies between its muscle and the joint capsule with 
which it typically communicates, and inflammation rarely involves 
this without, or is diagnosed separately from, disease of the joint 
proper. 


Periostitis of the humerus at the deltoid insertion may be traumatic 
from forcible deltoid action, or associated with myofascitis here. 
Abduction is painful, but no other signs of subdeltoid bursitis are 
present, and x-ray may show a local roughening or exostosis of the 
periosteum. These yield slowly to diathermy, but shoulder-ioint 
motions can easily be preserved. 

Brachial neuritis, or radiculitis trith or w-ithout roentRenoloiric ev! 
dence of cervical arthritis, is more tender at the nerve exits from the 
OTvical spine and tends to prodnee pain radiating along the unner 
border of the trapezius and definitely dorni nerve trunks^of theT^m 
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The median or circumflex trunk may be tender to palpation in the 
lower third of the arm. 

The principles of treatment correspond to the general rules for the 
management of bursitis anywhere. Immobilization on an abduction 
splint, with complete external rotation, often cannot be accomplished 
until gradual stretching of the contracted adductors and internal 
rotators has restored motion to the shoulder. Confinement to bed in 
the supine position, with the arm in a sling tied to the head of the 
bed, aids in gradual abduction. Most disabilities of the shoulder joint 
are best immobilized in this position. If calcium deposits are not 
resorbed from the bursa after a few weeks’ administration, open 
operation is indicated for the removal of the contents and as much 


of the thickened bursal wall and underlying periosteum as can be 
exposed in the field. Physical treatment must continue thereafter. 

Of the deeper bursae about the elbow, the ones under the tendinous 
insertion of the triceps or within the fibers of this insertion are difficult 
to approach surgically, without some damage to an important muscle 
tendon. Not enough fluid collects in these bursae to be successfully 
aspirated. A surrounding fibrosis is the most troublesome feature. 
Radiohumeral bursitis, “epiphysitis” or tennis elbow, characterized 
by severe pain over the outer side of the elbow and a point of tender- 
ness over the external epicondylc, is generally considered as due to 
inflammation of a small bursa lying between the conj'oined tendon 
and the radiohumeral j’oint. These have been operated on successfully 
by Osgood, but can, in our experience, be treated successfully by 
complete immobilization of the elbow in semiflexion and with tho 
forearm in the midposUion between pronation and supination. Hi* 
athemy is applied daily up to the “toleration” dose. This treatment 
should relieve all symptoms in three to six weeks. Active motion of 
the arm can then be resumed, but violent exercise or the performance 
of the peculiar type of movement originally responsible for the irrita- 
lion shoula not be repeated. Recurrences are common, and, if a chronic 
pamful stage develops, operative interference should be undertaken. 

Several deep bursae about the hip require physical treatment. 
Bursms about the great trochanter is easily rnistaken for osteo- 
myehtts tuberculos.s of the hip or epiphysitis. Careful diagnosis >s 
essential, SpUnting rest m bed and diathermy are successful if treat- 
ment IS contmued for a long enough period and no suppurative process 
IS present. The iliopectmeal and iliopsoas bursae vary in size and 
position. Innammator,. processes here can be mistaken for psoas 
“ A'Pirtttion may aid in diagnosis 

and treatment. Physical therapy should be given a prolonged trial 
before operative in ervention. Pathology in the ischial bursa is easily 
approached surgically and should be dfs«ted out 

Subcuh-ineous bursae ateut the bony points of' the feet and ankle 
j-ar}- Adventitious bursae readily develop 

from constant pressure ol shoes upon bony swelling and deformities. 
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Typical of this is the bursa commonly appearing and frequently the 
seat of pain and swelling over a bunion. Surgical dissection may leave 
tender scars when care is not exercised in choosing a skin flap which 
will not leave a suture line passing over a bony prominence. The 
deeper bursae, when inflamed, are generally not palpable but produce 
exquisitely tender areas in characteristic locations. Sharp bony spurs 
may grow from the periosteum beneath, or protruding into, contiguous 
ligaments or fascial planes. These osteophytes must be thoroughly 
excised ivith the underlying periosteum before physical treatment of 
the inflamed bursa can be undertaken. There are four distinct sets 
about the os calcis capable of producing disabling symptoms: 

1. At the attachment of the adductor hallucis brevis, the flexor 
digitorum brevis muscles and the plantar fascia, just beneath the 
sustentaculum tali is the anterior calcaneal bursa. It lies beneath the 
short flexors of the foot and anterior to the posterior tubercle of the 
astragalus in a region of difficult surreal approach. 

2. More superficial than this, on the inferior surface of the tuber- 
osity of the os calcis and covering this bony prominence, is the 
posterior calcaneal bursa. 

3. Anterior to the Achilles tendon, on the neck of the os calcis, lies 
the retrocalcaneal bursa. 

4. Anterior and internal to this bursa and in close relation to the 
tendons of the posterior tibial and flexor longus digitorum muscles 
are other bursae of irregular size and position. 

In chronic stages of inflammation, roentgenologic evidence of thick- 
ening or calcium, or fatty contents may be seen. Baking and the main- 
tenance of the part in absolute immobilization will alleviate the 
symptoms of the bursitis. 


Pitfalls in the Physical Treatment of the Muscle-Tendon 
System 

1. The most important pitfall applying to muscle, as to all physical, 
treatment is the danger of treatment of the local pathology without 
a careful physical examination and history to rule out the etiologic 
factor of a general disease or distantly located cause for the local 
pathology. 

2. Tumors and swelling of tendons and muscles should be ap- 

proached from a standpoint of physical treatment only after a positive 
diagnosis is made. Benign tumors of the former are surgical. Little 
ran be expected from physical means before the mechanical inter- 
terence of the swelling with function is removed. No muscle tumor 
ran be trusted not to become malignant. Physical treatment may aid 
m Its dissemination or metastasis ^ 

swelling, tenderness, superficial congestion pulsation 
or telangiectasis developing while a muscle is under treatmen’t carries 
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The median or circumflex trunk may be lender to palpation in the 
lower third of the arm. 

The principles of treatment correspond to the general rules for the 
management of bursitis anywhere. Immobilization on an abduction 
splint, with complete external rotation, often cannot be accomplished 
until gradual stretching of the contracted adductors and internal 
rotators has restored motion to the shoulder. Confinement to bed in 
the supine position, with the arm in a sling lied to the head of the 
bed, aids in gradual abduction. Most disabilities of the shoulder joint 
are best immobilized in this position. If calcium deposits are not 
resorbed from the bursa after a few weeks' administration, open 
operation is indicated for the removal of the contents and as much 
of the thickened bursal wall and underlying periosteum as can be 
exposed in the field. Physical treatment must continue thereafter. 

Of the deeper bursae about the elbow, the ones under the tendinous 
insertion of the triceps or within the fibers of this insertion are difficult 
to approach sur^cally, wthout some damage to an important muscle 
tendon. Not enough fluid collects in these bursae to be successfully 
aspirated. A surrounding fibrosis is the most troublesome featur^ 
Radiohumeral bursitis, “epiphj^ilis” or tennis elbow, characterized 
by severe pain over the outer side of the elbow and a point of tender- 
ness over the external epicondylc, is generally considered as due to 
inflammation of a small bursa lying between the conjoined tendon 
and the radiohumeral joint. These have been operated on successfully 
by Osgood, but can, in our experience, be treated successfully by 
complete immobilization of the elbow in semiflc.xion and with the 
forearm in the midposition between pronation and supination. Di* 
athermy is applied daily up to the “toleration” dose. This treatment 
should relieve all symptoms in three to six weeks. Active motion of 
the arm can then be resumed, but violent exercise or the performance 
of the peculiar type of movement originally responsible for the irrita- 
tion should not be repeated. Recurrences are common, and, if a chrome 
painful stage develops, operative interference should be undertaken. 

Several deep bursae about the hip require physical treatment. 
Bursitis about the great trochanter is easily mistaken for osteo- 
myelitis, tuberculosis of the hip or epiphysitis. Careful diagnosis is 
essential. Splinting, rest in bed and diathermy are successful if treat- 
ment is continued for a long enough period and no suppurative process 
is present. The lUopectineal and iliopsoas bursae vary in size and 
position. Inflammatory processes here can be mistaken for psoas 
abscess, femoral hernia or coxitis. Aspiration may aid in diagnosis 
and treatment. Physical Aerapy should be given a prolonged trial 
before operative intervention. Patholo^ in the ischial bursa is easily 

■ ■ _ . ' . be dissected out. 

' ' _■ ‘ ® hony points of the feet and ankle 

■ ■ . ■ ■ Adventitious bursae readily develop 

from constant pressure of shoes upon bony swelling and deformities. 
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the suspicion of malignancy. X-ray should check this possibility from 
time to time. 

4. Myositis ossificans represents the culmination of a constitutional 
tendency. The connective tissue of injured or inflamed muscles, ten- 
dons and fascia progressively changes to bone. The brachialis anticus 
and other muscles about the elbow, which are commonly affected, 
develop increasing stiffness during a course of physical treatment. 
Rest should be immediately substituted for massage and motion, 
which increases the calcium deposition. Roentgenograms indicate the 
stage when bone ceases to be deposited and the resulting bone can 
be surgically removed. 

5. Trichinosis should be suspected when myositis becomes more 
acute during treatment and a biopsy on the affected muscle 

the encapsulated larvae. Physical treatment should be replaced by 
anthelmintic management until the acuity passes in the course ol 
weeks. . 

6. Syphilis and tuberculosis of muscle tendon and tendon sheatn 
must constantly be borne in mind, watched for and appropriately 
managed by general antisyphilUic treatment or the adoption of a 
regime for the cure of tuberculosis. 

7. The Hte noire of tendon treatment is fibrosis. Early slight motion 
is infinitely more successful than delayed and more robust treatment. 
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CHAPTER SEVEN 


PERIPHERAL NERVE LESIONS 
Lewis J. Pollock, M.D, 

Injury or disease of a peripheral nerve produces among other things 
a loss of motion which, if complete, is called paralysis, and if incom- 
plete, paresis. Not all of the loss of motion seen in peripheral nerve 
lesions is the result of the defective conduction of such a nerve. 
Some of it may be the result of local shock, pain, swelling of tissues, 
fractures, dislocations, adhesions, ankylosis, contractures of opposing 
uninjured muscles, spasm, sclerosed fibrous tissue, as in ischemic 
paralysis, tendon and muscle section or loss, and hysteria. 

Examination 

Many of the nerves when injured produce a paralysis of certain 
muscles, which leads to a characteristic deformity. Of such, mention 
may be made of the wist drop of radial nerve palsy, often associated 
with “tumor of the wrist,” due to distention of the ligaments, pro- 
ducing a protrusion of the proximal metacarpal bone; the position of a 
foot drop in peroneal nerve palsy, the characteristic clawing in ulnar 
nerve palsy; the ape hand in ulnar and median nerve palsy; the 
winged scapula in long thoracic nerve palsy, etc. 

Limitation of movement of joints frequently results and the range 
of motility may be delermir.^ by a goniometer and measured in 
degrees of a circle, or by tracings obtained from moulds with a flexible 
lead tape (Fig. i), first obtaining a tracing of the position in one 
direction (flexion) and then in the opposite direction (extension). 

WTien examining for a range of passive movement, attention must 
fie given to the position of the extremity and its parts; for example, 
flexion of the fingers is more limited with the hand flexed at the wrist 
than extended. Similarly, in combined ulnar or median nerve lesions, 
extension of the fingers will be more limited when the hand is extended 
at the wrist. Dorsal flexion of the foot will be limited wth the legs 
extended In peroneal nerve lesions, 

. Movements of Segments About Joints.— It is impossible to exam- 
me each muscle separately for evidence of paralysis, and we are com- 
pelled to infer its functional capacity by the active movements of 
segments about joints. In such an examination the part of the extrem- 
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sively moved, active motion may continue the movement, and if a 
position of the extremity is passively imposed, the paretic muscle may 
hold the extremity in this position. 

The amount of weakness may be determined by comparing the 
strength of movement against gravity or interposed resistance, either 
with a dynamometer, or -mth the unparalyzed side or the examiner’s 
resistance. A simple dynamometric method may be employed by inter- 
posing a spring scales between the segment to be examined and the 
examiner’s hand. Each movement about the joint may be so examined 
and recorded. Pronation and circumduction may be investigated by 
fastening a small flat piece of wood in the patient’s hand and inserting 
the hook of the scale in a hole drilled through the wood (Fig. 2). 

Many factors other than paralysis produce loss of function and 
require treatment. Changes in the joints are a very common complica- 
tion of peripheral nerve lemons. They may result from fractures into 

J 





Fic 2 — Spring scale dynamometer 

the joint, dislocations, suppurations of the joint and nearby parts, im- 
mobilization, ischemic contractures, etc. 

Occasionally an early arthritic change, consisting of painful swell- 
ing, is seen which may persist for weeks and be followed by partial 
ankylosis. At other times, gradual retraction of muscle tendons and 
hardening of the capsule of a joint occur. Such changes are more often 
encountered in partial and painful nerve lesions, such as are seen in 
injury of the median and tibial nerves. Interphalangeal joint changes 
are particularly disabling and care must be exercised to prevent them 
if possible. ’ 

^ Shortening and contractures of opposing unparalyzed muscles occa- 
sionally occur, at times because of neglect to splint the extremity at 
times because of prolonged overcorrection, and at times desoite eood 
treatment. ^ ® 
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ity proximal to the joint being examined must be immobilized For 
example in testing for extension at the wrist, the lorcarm should 
be immobilized. Care must be exercised in [rropcrly "f 'S 

loss of function which results from the deformity = 
action of opposing muscles, such as the defective flexion oi tti g 
resulting from the wrist drop of radial nerve p.;ilsy. 

The extremity must be placed in such a position •J'f'* ^ ® t 

gravity will be nullified. An enfeebled muscle nay be 
of an extremity when supported, but not when ®PP? , ^ 

as in circumflex nerve injury, the deltoid muscle may be s g 



Fic. I — Lead tape and tracings 

to produce abduction of the arm if the arm is held supported on a 
powdered board, but too feeble to produce movement with the a 

At times the movement produced by gravity might be misinteipreted 
as active motion; for example, extension of the forearm after 
has been produced with the patient standing erect is, of course, on y 
the result of gravity controlled by the unparalyzed biceps. 

At times no motion of the extremity may be produced but a contra 
tion may be felt in the paretic muscle by palpation, or relaxation may 
be felt upon contraction of the opposing muscles; as in paralysis oi t 
deltoid muscle, strongly resisted adduction of the arm is accompanieQ 
by relaxation of the deltoid. At times, if a part of an extremity is pas- 
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Special attention should be directed to the misinterpretation of cer- 
tain movements which are possible, or become so, after certain nerves 
have been injured. Unless one is familiar with these supplementary or 
trick movements, a completely paralyzed muscle may be thought to 
have recovered function. Such movements result from the anastomotic 
supply of muscles from adjacent nerves, from the action of muscles 
other than those which are primary movers. For example, flexion of the 
^Tist may be produced by contraction of the extensor ossis metacarpi 
polUcis, by movements resulting from mechanical factors when tendons 
act over several joints. Extension at the wrist may be produced by 
complete flexion of the fingers in radial nerve palsy (Fig. 3); by the 
elastic recoil of movements in the opposite direction, as the extension 
of the distal phalanx of the thumb following flexion; and by gravity. 

Response to Electrical Stimulation. — The response of muscles to 
electrical stimulation often gives indication of the state of recovery, 
or function. Normal muscles and nerves react to electrical stimulation 
in a characteristic manner. The make or break shock of a galvanic 
current produces a rapid, lightning-like tuitch of the stimulated 
muscle, and faradization produces a tetanus. The muscles react to the 
stimulation of the negative and positive poles in a constant manner 
and a formula of polar contraction may be expressed as follows: (K. 
C. C.) Kathodal closing contraction is greater than (A. C. C.). Anodal 
closing contraction is greater than (A. 0. C.). Anodal opening con- 
traction is greater than (K. O. C.) (K. C, C. > A. C. C. > A. 0. C. > 
K. 0. C.) 

Ten to fourteen days following injury to a peripheral nerve certain 
changes occur in the reaction to electrical stimulation which, grouped 
together, constitute the reaction of degeneration (D. R.). These 
changes may be described as quantitative, qualitative, modal and 
polar. The excitability of the nerve to faradic and galvanic stimulation 
is lost. The muscle loses its irritability to the faradic current (qualita- 
tive). In the early stages, for about two weeks, the muscle is hyper- 
excitable to the galvanic current, but later becomes less and less excit- 
able (quantitative). The character of the response changes from a 
rapid twitch to a slow vermicular contraction (modal). The polar 
formula is reversed, the A. C. C. being greater than the K. C. C. The 
most valuable and most constant of these signs is the slow contraction 
of the muscle. 

Because of the diffusion into unparalyzed muscles when a unipolar 
method of stimulation is used, the bipolar method, wherein both poles 
are placed upon the muscle being examined, is preferable. The 
extremity to be examined must be relaxed and the segments about 
joints must be so supported that the muscles are not required to act 
against the power of gravity. Supplementary movements may be pro- 
duced by electrical stimulation and one must be alert to recognize 
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. Atrophy is a common accompaniment of paralysis of a muscle re- 
sulting from peripheral nerve lesions. Study of the amount of tissue 
loss following such lesions shows that the cases carefully treated by 
physical therapy have far less loss of volume of the tissues of an ex- 
tremity than do the untreated cases. 




Fig 3 Extension of wnst by supplementary motility. 

Sclerosing fibrous tissue, as in ischemic paralysis or associated with 
vascular les.ons produces long-lasting loss'l.f fuuctSu which is very 
resistant to treatment. The loss of funcUon does not follow the motor 
distribution of any peripheral nerves, and the responses to electrical 
stimnlatton are not characteristic of reaction of degeneration but there 
is a diminution of response to both faradic and galvanic cur’rent. 
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■\\T 3 ere a primary or secondary suture is indicated immediately, 
physiotherapeutic treatment must assist the operative procedure, 
^Vhen it is felt advisable to defer the operative procedure, physical 
therapy must be initiated promptly to the end that when the nerve re> 
generates it wall activate a mechanism capable of adequate movement. 

The above indications ate met by treatment with splinting to prevent 
overstretching of paralyzed or weak, muscles; massage to improve the 
nutrition of the parts, to prevent adhesions of scars and fibrosis and to 
conserve the bulk of the muscle; passive movements to prevent de- 
formity from shortening, interphalangeal fibrosis, ankylosis of joints; 
active exercise to conserve the unparalyzed muscles, to stimulate circu- 
lation, to educate synergistic muscles to assume the function of par- 
alyzed muscles; electrotherapy to conserve the vitality, prevent com- 
plete atonia, and increase the contractility of paralyzed muscles, and 
hydrotherapy and thermotherapy to assist in nutritional conservation 
and to facilitate other methods of treatment. 

In cases treated some time after injury, splinting and the other pro- 
cedures are indicated to correct deformities, as well as to restore 
function. Here passive movements must include stretching of shortened 
muscles and tendons, and mechanical devices constructed to assist in 
this function. Corrective exercises and occupational therapy play a 
large part in the correction of such deformities. 

Splints to Prevent Deformity. — The purpose of the splint is to put 
the paralyzed muscle at rest and prevent overstretching of the muscle, 
and to resist spasm of the opposing muscle. Each splint must be devised 
for a particular patient because the mechanism oi the joints over 
which the paralyzed muscles act differs in each individual. The splint 
should be light, simple, easily applied and removed, inexpensive, and 
as inconspicuous as possible. The material from which splints are con- 
structed differs in the hands of various workers. In general, the splints 
used by the British and French during the World War were far more 
complicated than those used in America. Aluminum is a satisfactory 
metal to work \vith. It is light, and when necessary, small adjustments 
may easily be made in the shape and other characters of the splint, as 
indicated. 

Following a primary or secondary suture, particularly the latter, 
where it is often necessary to place the extremity in an abnormal 
position to permit of approximation of the severed ends of the nerves, 
a plaster of pans cast or splint must be applied for a period of Uvo 
weeks. Following this a removable splint should be applied. Starched 
crinoline may be used in preference to plaster of paris, as it is much 
lighter and therefore much more comfortable. 

It is important to note the danger of applying a splint and regarding 
this as the only indicated treatment. Many patients have been incapaci- 
tated by the fibrosis which has resulted from the prolonged and 
uninterrupted use of splints. So much is this the case that in many 
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Electrical examination likewise is often valuable to differentiate loss 
of motion due to severed tendons from paralysis. In the former, gal- 
vanic stimulation, followed by a goo<! contraction in the muscle, tails 
to produce a movement of that segment to which the tendon is 

attached. . . , r „.;ii 

An electric stimulus must reach a certain intensity before it wii 
result in the contraction of a muscle. This minimal current, however, 
must be prolonged for a certain length of time to produce a 
At “infinite duration" there is a minimum strength below wnicn n 
contractions occur (rhcobasic voltage). As the duration is decreas , 
the strength must be increased until a point is reached where, no j 
ter how strong the current, no contractions follow. Twice 
current which will produce a contraction in unlimited tunc has 
designated empirically as the chronaxia of the tissue. The . 

a human muscle with an intact nerve supply has been louno o 
0.00016, whereas that of one whose muscle has 
o.oi. It was hoped that measurements of the chronaxia would , 
accurate information of diagnostic and prognostic value in 
nerve infuries. Although they have served to give 
ment of the functional value of nerv'cs and muscles in 
because of the inaccessibility of accurate instruments and Inc uni 
liability of certain others, few data arc available which 
critical judgment of their clinical value. Measurements by the ^ 
denser system of Lewis Jones have failed to impress the 
investigators with their relmbility- More accurate methods, such as in 
Lucas pendulum, Lapicque’s chronaximeler, Strohl’s ergometer a 
Sachs^ and Malone’s chronomyometer have appeared to 
information in their several investigators’ hands. It is possible tna 
they may lead to profitable clinical investigations in the future. 

Indications for Treatment 

Physical therapy methods hold the first place in the treatment of 
peripheral nerve lesions. Following a peripheral nerve lesion, the oo- 
jects to be attained differ somewhat under various conditions. If ^ 
primary suture is possible, or if the patient is brought for treatment 
soon after injury where an operation is not indicated, we aim to pre- 
vent deformities and to restore function. When some time has elapsed 
after injury, and a secondary suture or neurolysis is necessary, the 
aim is to correct deformities and restore function. The same is true m 
similar cases not requiring operation. 

Operative procedures of suture and neurolysis wll not serve to 
restore function. They only make it possible for the nerves to regener- 

, . -in the nerve 

■ ■ • • X _ ■ . ■ ■ geal fibrosis, 

iw.'. ■ ' .* ■ . — ...^rosis of mus- 

cles, shortening of muscles, spasms of muscles and ankylosed joints- 
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instances of long delayed restoration of lunction it was possible to 
envisage the character of the splint which had been used by the posi- 
tion of the extremity. For example, the ill-advised use of a cock-up 
splint often caused fibrosis and shortening of the extensors, and anky- 
losis was present at the wrist. It is equally important that one should 
not apply a splint devised for one nerve lesion upon an extremity in 
which a totally different nerve is paralyzed; for example, a cock-up 
splint should not be applied in the case of a median nerve lesion. 

The application of a splint should not blind us to the necessity of 
other treatment, and it is imperative that electrotherapy, massage, 
passive movement, etc., be continued throughout the time of immobil- 
ization. Although some clinicians believe that no adhesions will form 
if a splint is applied so that only relaxation is obtained and not over- 
relaxation, this has not been my experience. Not only must joints not 
concerned with the movements of the paralyzed muscles be moved 
daily, but when supported the involved joints must be moved. Cer- 
tainly no harm can occur from gentle, passive movements sufficient 
to produce movement but not overstretching. It is well not to produce 
overcorrection. A position midway between the extent of movement 
in the opposite direction is by far preferable in most muscles. Only 
slight extension at the wrist is sufficient to produce rest of the par- 
alyzed and atonic extensor muscles of the wrist. Each individual nerve 
injury has some general indication which should guide us in the con- 
sideration of the splint. Such splints can be better illustrated than 
described, and the general indications will be discussed and the types 
of splints illustrated. 


Circumflex Nerve. — Injury to this nerve produces a paralysis of 
the deltoid. The patient is unable to abduct the arm, and the weight 
of the unsupported arm often results in a subluxation of the head of 
the humerus and at least a marked stretching of the capsular ligament. 
The indications are to keep the arm abducted and partly externally 
rotated. The abduction should not be beyond 6o®. The forearm should 
be flexed and held in moderate supination. Such a splint may likewise 
be used in upper brachial plexus injuries (Figs. 4, 5). 


Ulnar Nerve. — Paralysis of the ulnar nerve is easily recognized by 
the appearance of the hand, with clawing of the little and ring fingers 
inability to grasp objects between the thumb and forefinger because 
of paralysis of the adductor pollicis, and inability to make a cone of 
the hand by approximating the tips of the fingers and thumb because 
of paralysis of the interossei. Lateral movement of the fingers is 
possible only through supplementary movement, and the patient is 
unable to innervate the muscles of the hypothenar eminence (Fie 6^ 
Although many devices have been constructed for the treatment of 
ulnar nen-e lesions, m general, the majority of cases recover more 
completely without the use of these cumbersome appliances They 
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little and ring fingers may be applied, as illustrated. Extension of the 
distal phalanges of the little and ring fingers may be defective because 
of overextension of the proximal phalanges, and a device which pre- 
vents these phalanges from overextending is useful in recovering 
lesions. A narrow strip of rrretal running diagonally across the palm 
from the base of the third to the base of the little finger, then berit to 
continue in the opposite direction over the backs of the proximal 
phalanges of the little, ring and middle fingers, is often serviceable 
(Fig. 7). 




Flc 7— Splint for ulnar nerve palsy. (Cbltay and Dagnan-Bouveret.) 


Median Nerve. — Paralysis due to a lesion of the median nerve pro- 
duces an inability to appose the thumb to the little finger, to abduct 
the thumb at right angles to the palm, to flex the index finger as in 
making a fist or clasping the hands, and to flex the distal phalanx of 
the thumb (Fig. 8). 

For the most part, what is true of the ulnar is likewise true of the 
median nerve. There is but little clawing of the index or middle finger 
and flexor contracture of the index finger does not occur. The only 
troublesome complication is a shortening of the adductor of the thumb, 
and at times it is necessary to hold the thumb in abduction at a right 
angle to the palm. A light, hollow aluminum ball between the index 
finger and thumb with the fingers semiflexed assists. A hollow cylinder 
will serve the same purpose. Occasionaliy an apparatus, which, by 
means of a spring, supplants the abduction of the thumb, may be serv- 
iceable, although in general springs are unsatisfactory. 


Combined Ulnar and Median Nerve Lesions.— Combined ulnar 
and median nerve lesions, when complete, produce inability to perform 
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interfere with the motility of unpnrnlyzcrl muscles which suffice to 
move all of the segments about the joints of the hand. The only dis- 
abling complication which follows ulnar nerve lesions is clawing of the 
little or little and ring fingers. Passive movement commonly suffices to 
prevent this. When it npjicars that clawing will result from overaction 
of the extensor communis digitorum, a simple posterior splint for the 
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any flexor movements of the fingers or hand. Under such a condition, a 
simple anterior splint supporting the hand in a slightly flexed position 
suffices. Clawing occurs in all the fingers and counter-pressure should 
be exerted against the backs of the proximal phalanges. The thumb 
should be fixed in a position of abduction at right angles to the plane 
of the palm (Fig. 9). 

Partial lesions of these two nerves are particularly liable to be com- 
plicated by adhesions, shortening and deformity, and require much 
more attention than complete lesions. 



Fic 10 — Radial nei\Te palsy. 


Radial Nerve. — The indications in cases of paralysis due to a 
lesion of the radial nerve are to extend the wist and the proximal 
phalanges of the fingers and thumb in a plane with the palm (Fig. lo). 
The following splint, as described by Buerki and used in the United 
States Army, is very satisfactory. 

“Spring steel wire covered with rubber tubing at all points of pres- 
sure and properly bent has been found to make a light and comforta- 
ble splint. It will meet the requirements and overcome some of the 
objections of other types This splint is made from a piece of No. ii 
spring steel wire 35 inches long. 

“It is best to start bending the splint on the ulnar side of the arm. 
Nine inches from the end, the rvire is bent upward to form an angle 
of 140°. From this point the wire extends forward to the junction of 
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patient from the sharp ends. The palmar arch support is made from 
No. 20 spring steel wire, covered with rubber tubing, and is attached 
to the splint by adhesive plaster. The ends are one inch long and are 
bent in opposite directions from each other to increase the stability of 
the palmar attachment. The wire first extends downward away from 
the splint for an inch on each side, and then by a slow curve extends 
upward to support the palmar arch. A piece of adhesive plaster is now 
placed on the splint just above the wrist, and folded on itself so that 
all of the sticking surface is covered. Finally, the canvas band is 
slipped over the ends coming in contact with the flexor surface of the 
forearm. This splint can be made in fifteen minutes. It is applied 
without bandages, and can be readily removed or put on by the patient 
without assistance.” (Sec Fig. ii.) 

Musculocutaneous Nerve Lesions. — Stookey has described a 
simple and efficient apparatus which may be used to aid in the treat- 
ment of lesions of this nerve. The important muscle which is paralyzed 
is the biceps Fortunately, there Is little or no likelihood of over- 
stretching the biceps or of markedly shortening the triceps because 
of the mechanics of the elbow Joint and the fact that other unaffected 
muscles act upon both the shoulder and elbow joints. However, at 
night a mechanical support which keeps the forearm flexed with the 
hand in full supination should be worn Stookey’s apparatus consists 
of a broad leather cuff attached to the wrist and dorsum of the hand. 
The wistband has a metal plate which is shaped to fit the dorsum of 
the hand and wrist. Supination Is maintained by a strap fastened to 
the wristband over the volar surface of the radius, which passes out- 
ward and under the wrist This strap is then fastened to a collar piece 
by a pin or snap. 

Brachial Plexus Lesions. — Of all the peripheral nerve lesions, 
none require more constant and efficient mechanical treatment than 
those of the brachial plexus. 

As has been pointed out previously, in general, lesions above the 
clavicle are injuries of the roots and primary cords, whereas those 
below the clavicle or in the axilla include the secondary cords and 
nerve trunks. These latter are frequently accompanied by injuries of 
the axillary blood vessels. There are two general types of injuries: the 
Erb-Duchenne or upper root group, which involves the fifth and sixth 
cervical roots, and the lower root group, or the KIumpke-Dejerine 
tjTDe, which involves the seventh and eighth cervical and first thoracic 
roots. In the former, the resulting paralysU is extensive and involves 
the muscles of the shoulder girdle and back as well as muscles of the 
arm and forearm. In the KIumpke-Dejerine type the paralysis is 
essentially of the ulnar side of the forearm and all of the muscles of 
the hand (Fig 12 t 
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the proximal and middle phalanRcs of the little finger, where it is bent 
at a right angle in the same plane. Thrcc-foiirths of an inch from here 
it again receives a right angle bend, but this occurs in a plane at right 
angles to the previous one. This bend causes the wire to run across 
the palmar surface of the fingers, and thereby extends the proximal 
phalanges on the metacarpal bones. A right angle bend in the same 
plane at the outer side of the first finger, and another bend three- 
fourths of an inch farther on in a plane at right angles to it, complete 
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nerve high in its course. The branches to the semitendinosus and long 
head of the biceps are given off at the level of the ischial tuberosities 
and consequently these muscles are spared. The semitendinosus alone 
is able to perform the functions of the hamstring muscles to a high 
degree. It is also able to supplement the action of the gastrocnemius 



Fio 13 — Sciatic ncne lesion. 


in flexing the leg upon the thigh. However, all the muscles below the 
knee arc paralyzed and the leg is flaccid, while the foot is dropped 
and in a valgus position. It is necessary to stabilize the leg and foot 
to correct the equinovalgus deformity and to overcome faulty devia- 
tion of the body weight (Fig. 13). 

The most effective and comfortable .splint is one based upon the 
Ihomas caliper type. It is light, comfortable and efficient. It should 
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In those lesions in which the muscles of the back (serratus magnus, 
rhomboids, levator scapulae) arc involved, the deformity is extensive. 
The compensatory movements of the scapula arc diminished or 
absent. The action of the serratus magnus in fixing the scapula ^ 
that the deltoid may act is gone and this must be kept in mind in 
devising mechanical support. The arm lies adducted with Inward 
rotation. The humerus may soon siiWuxale and in old neglected cases 
may be dislocated completely. The coracoid process becomes prora- 
nent and the forearm Is held in semipronalion. llecause the entire 
extremity is rotated inward the palm of the hand may face backward. 
Left alone without mechanical support these lesions are follou'ed by 
permanent and irreparable deformity. 

A splint must be designed to relax the deltoid and the supraspinatus 
muscles and at the same time hold the arm in external rotation. The 





Fic ij — ^bower brachial plexus lesion. 


arm must be held in abduction, preferably at an angle of about do , 
rather than in abduction at 90^. The arm should be rotated externally 
and the ‘orearm flexed upon the arm and held in moderate supination. 

Splint for these cases. It is made 
nlre adj>-atable arm and a forearm 

piece. Ihc arm piece is hint»j».i ’*^’*5 angles 


ui 4 cnest, an adjustable arm and a loi 
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The deformity present in the Klumpke-Dejerine or lower root, type 
of paralysis is similar to that sppn in .n^ ' .yg 

i^^clnoc; A cilifTiit ctrr^SnrU. combined median and ulnar nerve 
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Sctatic Nerve Lesions,— I*ara]ys|s of op muscles supplied 
by the sc.at,c nerve is uncommon even with a compIcT section " the 
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side of the foot. This will correct the varus deformity. The ankle joint 
may be supported if necessary by a leather reinforcement sewed to 
the shoe. The flat foot may be corrected by an inside plate which 
should be made to fit individually by molding plaster casts of the foot 
deformity. The principal aim must be to correct all the deformities 
and to prevent those which may result from the improper distribution 
of weight bearing. The patient should be cautioned never to walk 
without proper support of his foot. A rubber band or metal spring may 
be attached to the shoe and the upright to aid in replacing the lost 
action of the extensors. 
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An adequate splint for the foot drop of peroneal nerve lesions was 
used in the United States Army. It had the advantage of simplicity, 
lightness, and relative serv’ice. As described by Buerki, it is made of 
* ■ ■ two and one-third ounces. It is service- 

he foot well extended at all times, but it 
■ the foot the normal flexibility which is 
jacking in all of these cases. Pieces of bronzed spring steel wire 2? 
inches long, have loops three-fourths of an inch long bent on each end 
in op^site directions (Fig. 16, Diag. 1). The lower loop is for aid in 
attaching a mre around the shoes, while that at the top protects the 
clothing from the sharp «rre. To give the splint flexibility the wire 
has a one-and-three-quarters turn coil three-fourths inch in diameter 
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be so arranged with a spring M ‘s'^sde 
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the shoe reiinforccd there so that the ^ 

rected and the patient, at the same time, wdl . I TOtened 

outer side of the loot when he walks This rytll 
arches which naturallji' accompany these lesions, 
splint is shown in Figure 14. 

Peroneal Nerve LrsioNs.—Thc deformity in these 
foot drop and a varus deformity due to complete par y 



anterior and lateral muscles of the leg. The os calcis is raised ^ 
erably because of the unapposed action of the gastrocnemius, 
foot occurs because of the Jack of support to the arches ^ 

of the peroneal group and extensors attached to the inner side _ 
fool. A very serious disability in walking exists because of the oy 
action necessary to keep the toe from scraping the ground 

It is necessary to splint these patients for more than a toe dfoP- 
A light iron strip on the inner side of the leg attached to the shoej«^. 
a stop lock will prevent a loot drop It should be so attached that « 
raises the foot in dorsiffexion. The iron strip is attached above to a 
leather band about the leg. The leg should be elevated on the ou 
side from the heel to the toe to deviate the body weight to the lone 
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should have a stop lock which will prevent dorsiflexion to more than 
a right angle. The inner border of the sole and heel should be so raised 
as to deviate the body weight to the outer side and to correct the val- 
gus position. As in the case of the peroneal deformities, an inside plate 
fitted individually should be worn to support the weakened arches. 

The splints for these last two types of deformities cannot be worn 
at night, but their main action should be replaced by canvas appliances 
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which Will effectively prevent overstretching of the paralyzed muscles 
\\ about the use of these nocturnal supports all that has been accom- 
plished during the day may be easily undone. 

Femorai. Nerve Lesions.— As has been stated, lesions of this nerve 
are accompanied commoniy by injuries to the peivic vesseis and 
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bent Into it six Inches from the lower end (Fig. i6, Dlag, 2 ). This coil 
when in place is directly opposite the junction of the sole and heel of 
the shoe. Two wires, bent as described above, arc held in place, one on 
each side of the shoe, by four pieces of fine piano uire, one piece 
under the instep, another around the heel at the junction of the upper 
and the heel, the third under the sole connecting the lower extremi- 
ties of the >virc, and the fourth around the toe between the sole and 
the upper. The last piece binds the splint permanently to the shoe. 
It is best to apply the wires m the above order (Ding. 3 ). The splint 
is completed by a piece of doubic-ply canvas six inches wide and four 
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tnehes long, and held together by Bve rivets placed as shorn (Diag- 4)- 
Rivets I and II keep the splint from slipping through the canvas. 
The canvas is slipped over (he upper end of the splint, around the caH, 
and the whole is held tn place with a special legging. The splint lasts 
from two to three months. ^ ^ 


Tibial Nerve Lesions. — The deformities present in these cases are 
practically the opposite of those described as the result of injuries oj 
the peroneal nerve lesions. The unopposed action of the peroneal 
muscles pulls the fool into dorsiliesion and the os calcis is directed 
downward ms lead of backward. The foot tlds 1 ^ 0 ^™ the valgus 
position and the ongitudinal arch flattens bekuse of ™he paralysis 

on the outer side'^of the reg"lSei".?1h''’™l°'o? ’tli?‘sr S 
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may become so stretched that an eversion of the lower eyelid may 
occur (Fig. i8). 

The simplest type of support consists of two adhesive straps. The 
point of pull should be attached to the temporal area and the support- 
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ing s'traps should be attached to the skin about the upper and lower 
Ups. The ends of the two straps may be attached by a rubber band so 
that an elastic pull upward is maintained. This support must be worn 
constantly. It is simple and is easily detached during massage electro 
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viscera. Consequently, one is not called upon frequently to provide 
mechanical support following such a lesion. However, the quadriceps 
femoris, sartorius and pcctincus muscles arc paralyzed and there is 
an inability to extend the kg upon the thigh. A patient with a fernoral 
nerve lesion is unable to stand upon his kg unless the knee is in ex- 
treme extension. The knee joint soon becomes so unstable that it may 
suddenly flex and allow the patient to fall. When walking, the patient 
usually bends forward and places his hand on the thigh to 
knee joint securely extended. The tensor fasciae latae may act to bold 
the joint in fixed extension and then the patient assumes a swinging 
gait. In old neglected cases a genu rccurvatum may develop (Fig- H'- 
Mechanical treatment must provide stability to the knee joint and 
yet prevent hyperextension. A Thomas caliper splint with a spring 
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lock "-hich allows of flexion of the knee only while sitting is the most 
efficient type of splint A broad band in the popliteal space will P«- 
vent hyperextension and the occurrence of genu recurvatum. 

FACiAl. Nerve LESioNs._The facial muscles must be protect^ 
from overstretching and sagging after interruption of their nerve 
supply, just as other muscles. The mechanical support of th'Se 
muscles contributes tremendously to the recovery of their action af « 
a nerve supply has been reestablished. In neglected cases the muscle 
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serve the functional capacity of paralyzed muscles until sufficient 
nerve regeneration has taken place to permit of active motion. 

The efficacy of this type of treatment has been called into question 
on a number of occasions. Although since the days of Duchenne 
neurologists have universally agreed that eleclTOlhexapy is of service 
in hastening the return of function of muscles paralyzed as the result 
of lesions of the lower motor neuron, some physiologists have decried 
its usefulness (Langley). On the other hand, many physiologists have 
determined upon the basis of experimental studies that there is a sound 
foundation for the belief that electrotherapy is serviceable in the treat- 
ment of peripheral nerve lesions. Not only have most of the workers 
found decreased atrophy in treated cases, but recently Piontkovskiy 
has sho\vn that a more advanced type of regeneration of the nerve 
occurs when the deirervated extremity is treated by electrotherapy. 


Mode of Action. — It is necessary to understand clearly the mode 
of action of treatment by electricity. It is not concerned with any 
mysterious force acting directly upon the factors influencing recovery 
of a nerve or muscle. Stimulation by an electric current of sufficient 
strength produces a contraction of the muscle. It is this active con- 
traction of the muscle which conserves its bulk and nutrition and 
keeps the muscle fibers functionally adequate for voluntary movement 
when regeneration has progressed sufficiently. In cases such as facial 
nerve paralysis, contractures are diminished and associated movements 
so often of disfiguring and annoying consequence likewise are pre- 
vented. The only requirement of electrotherapy is that it shall produce 
a contraction of the paralyzed muscle. Obviously, this cannot be 
brought about by stimulation with the faradic current, as the duration 
of each shock is too short in relation to the changed chronaxia of the 
nerve and muscle. Galvanic current must, therefore, be used It may be 
used in its simple form of a continuous current, or in the form of 
sinusoidal currents of various types of waves. 

It has been proposed that the continuous current which at the make 
or break produces a sharp, shock-like contraction is of little value as 


it does not resemble a normal contraction of the muscle, which it is 
said is imitated by the contraction ensuing as the result of stimulation 
by the sinusoidal current. Of course, the criticism that it acts only 
locally may be met by the statement that larger electrodes should be 
used. That muscles contract slowly in their normal state has never 
been shown to be the case by physiologists. The twtch contraction due 
to electrical stimulation is thought to be analogous to the phasic con- 
traction of all skeletal muscles. It may, 1 believe, he accepted as a 
fact that the contraction of a muscle resulting from stimulation by 
galvanic continuous current is as useful as that produced by any other 
type of galvanic current. The rapidity of the contractions can produce 
no harm after the second week following injury or surgical procedures 
and during the first two weeks the muscles should be kept practically 
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therapy and active exercises which arc practiced by the patient 
(Fig. Ip)- 

Corrective Splintiog.-men, because of 
joints, or because of spasms or contractures I" o„e. Tlie 

have taken place, the problem oi splinting is a '“V “ tendons and to 
indications arc to lengthen the shortened the view 

mobilise the joints. The splints are devised, “ V i" 

of exerting clastic tension upon the “ 8 "’™ “A gay, So-called 
alternating directions /or certain periods during i y 
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Frc Ji.— Apparatus of Cunio (Chlray and Dagnan-Bouveret.) 
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enihg the lumbricales is shown in Dube’s apparatus (Fig. 20)1 
the flexors of the thumb and fingers, in Cunio’s splint (Fig* 

Electrotherapy.— The indications for electrotherapy are to prj 
vent atrophy of muscles and fibrosis, to increase nutrition and to 



Passive Movement vJinmVii] 27 

a movement with the extremity in a position of foot drop, but if the 
patient rests the leg on a board at the outer surface, dorsal flexion may 
occur. The patient’s extremities must be fully supported and the seg- 
ments about joints so supported that movement is not impeded by 
gravity. 

Value of Contractions. — Contractions of muscles produced by 
electric stimulation are a valuable adjunct to reeducation and active 
motion. Although the patient may not be able to produce extension 
at the wrist voluntarily, the hand may be held in this position after 
electrically produced extension has occurred. A voluntary contraction 
of a muscle may be possible after it has been produced by electrical 
stimulation, and the patient should be required to attempt such a 
movement during the period of treatment. Of course, one should 
always keep in mind the law of regeneration. When it is remembered 
that the extent of regeneration of the nerve after section and suture 
is one millimeter a day, it is futile to have the patient attempt active 
movement before the fourth month in such cases. In severe compres- 
sions in which recovery is taking place wUhoul operation but which are 
associated with complete degeneration of the distal segment, the same 
conditions hold true. Care must be exercised in treating areas of skin in 
which sensation has been destroyed, as burns are readily formed, and 
ulceration, once occurring, is difficult to heal. 

When the nerve and muscle have recovered sufficiently to contract 
to faradic stimulation, both forms are advisable, the latter to produce 
more prolonged or tetanic contractions. An apparatus which permits 
of stimulation by gradual increase and diminution of current, such as 
is possible with one Bristow coil, is valuable as it is less painful. Here 
again it is necessary to state that during the period of severe degen- 
eration the faradic current will not produce a contraction of the 
muscle, and no contraction means no treatment. 

Sinusoidal current and other forms of wave currents have only the 
advantage of relative painlessness. There is a seeming advantage in 
the fact that at times a larger electrode is used and rhythmic con- 
tractions are produced in large muscle groups. This is a disadvantage 
and care should be exercised to stimulate only the paretic muscles. 

Passive Movement. — As Langley has pointed out, intermittent 
passive or active stretching forces lymph, and so presumably metabolic 
products, from the muscles. This, of course, should be an advantage. 
Moreover, such active or passive movements have a distinct influence 
on the formation of connective tissue. It is said that there is a visible 
increase of connective tissue in microscopic preparations of a muscle 
three weeks after section of its nerve. Pan of the last contractures 
may be due to the shrinkage of this newly formed tissue which is soft 
and extensible. Active or passive movements of the denervated muscles 
will stretch the developing fibers so that when they do shrink there 
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at rest, as they arc fragile and arc easily bruised. After this period 
sudden contractions are just as useful as slow ones. The force of the 
contraction can, of course, be modified by the strength of the current. 
Galvanic continuous stimulation is often painful; therefore, other 
types of waves are useful as they arc relatively painless and can be 
used to advantage in children and sensitive patients. It is necessary 
to remember that the contraction of a muscle occurs only upon making 
and breaking the current. Therefore, it Is needless to treat the muscle 
by prolonged stirnulation and the current should be applied mth very 
short makes and immediate breaks of the current by using a suitable 
electrode. 

stimulation may be obtained by using bipolar or unipolar 
methods. In the former both poles are applied to the muscle which it 
is desired to stimulate. In the latter an indifferent electrode of a large 
size IS pla^d elsewhere upon the body, as described under electro- 
diagnosis. During the first few months following injury, while tbe 
^yperirritable, and an increase of direct myotatic irri- 
taoiiity may be demonstrated by percussion, unipolar stimulation mil 
produce contraction in the muscles most affected by the weakest cur- 
iw’f longitudinal stimulation. Care must be exercised, 

produce too great fatigue in these muscles. One must 
HpfprHva F T many cases deep muscle sense is 

ItlS patient is unable to tell when the muscles are 

law months, the muscles most affected become 

of curraS Unipolar stimulation produces a spread 

h!iu?J muscles, which may alone contract, to the 

value A clanr bipolar stimulation is of^ greater 

sarv to nrodiira anatomy and function of muscles is neces- 

haifd Particularly is this true of the small 

tion thfelectrod?™^ not irritable to stimula- 

Jiusdes a ^ upon the motor points of the 

ever even the Paralysis of the upper motor neuron. How- 

Althouch Dolar inv ®uutract more readily at these points, 
muscles it is sufficipn?^^°” always the rule in degenerated 

the active electrode. It ^ ‘J'® pole should be used as 

In the treatment of ulnar nnH ^ painful. , 

muscles— the iuterossei h,mu ^ median nerve lesions, the small hand 
thumb, and the musclra’ oT^lhfr’ opponens of the 

greatest attention. * hypothenar eminence— require toe 

In producing contractions nf fr, , . ♦ Tio 

exercised to prevent the forr« paralyzed muscles, care must be 
trading muscles, not only to against the con- 

segments around the joints bn? ♦ detection of movement 

the extensors of the wrist no movp^ P*^®'^ent fatigue. Upon stimulating 
dependent, whereas if it is sunnort^j”^ ^ 

extension may take place ^ its ulnar border, 

extensors of the foot may not produce 
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tion of the extremity which is maintained by a splint should be held 
throughout the treatment. There never should be stretching upon 
the denervated muscles. JIassage is begun with a period of rhythmic 
superficial stroking to obtain further relaxation. This may be given 
in either direction, whichever is more pleasing to the patient, and the 
pressure must be so gentle that even centrifugal stroking will not inter- 
fere with the circulation. Following this gentle stroking, all of the mus- 
cles of the extremity should be massaged with a centripetal motion to 
increase the venous and lymphatic circulation. More pressure should 
be used than previously but care should be taken not to injure the para- 
lyzed muscles by compressing them against the bones. This may be 
increased gradually until the massage consists of a gentle kneading. 

If superficial scar tissue is present, friction massage should be used. 
This is obtained by pressing deeply and moving the hand in a circular 
direction. The outer tissues should be moved over the underlying 
structures with a minimum of movement on the surface. If the scar 
is dry, a lubricant may be used at the end of the friction massage, 
but its use in the beginning makes deep friction impossible. If adhe- 
sions and contractures are present, they must be stretched slowly and 
gradually. Stretching must not be carried to the point where it causes 
pain or tenderness following the treatment and the movement of re- 
turning to the original position must be made as slowly and as carefully 
as the stretching movement. Gentle kneading of the contracted muscles 
and friction over the ankylosed joints may be performed during this 
procedure. 

Reeducation. — The indications are to train the patient to repro- 
duce voluntarily the movement which has just been provoked elec- 
trically or by passive movement. This is the most important part of 
physical therapy, particularly because not only motor regeneration 
must be complete but sensory regeneration as well, in order to effect 
accurate movement. A certain type of deep sensibility that deals with 
joint sense is among the last to recover, and often never recovers 
completely. An ataxia results, even if motor regeneration is perfect. 
It is necessary, therefore, to treat this ataxia by reeducation. 

The extremity of the patient must be so supported that the force 
of gravity does not act against the contraction of the muscle. At times 
it is advisable to have the extremity supported by a sling, or a freely 
swinging board suspended by spiral springs and counter’weighted so 
that the least amount of power is necessary to produce movement. 
Exercises may be performed to great advantage with the extremity 
immersed in water. Finally, the extremity may be placed upon a 
powdered board so tilted that the above indications are met. The 
patient is directed to perform a movement, and at the same moment 
the operator slowly, passively performs the movement. As each normal 
movement is attempted, the patient may be directed to perform the 
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may be less tendency to a contracture. The cut ends of a nerve may 
become rather fixed to the surrounding connective tissue so that move- 
ments may cause a greater pull upon the nerve. However, Langley 
has shown that in this presuture period the tension so placed upon a 
nerve is not sufficient to cause a rupture of the degenerating fibers. 

In many operations it is necessary to fix the limb in a flexed position 
to permit the cut ends of the nerve to be brought into end-to-end 
apposition. In such instances passive movements designed to bring the 
limb into its normal position may be begun about two weeks after the 
suture has been made. Miller and Lewis have shown experimentally 
that the tensile strength of a suture Hnc is as great at the end of that 
time^ as it is weeks later. This is an important fact which allows 
passive and active movements to be instituted before formidable 
ankyloses and contractures have occurred. 

Passive exercises may be carried out very well in conjunction vath 
massage. They help to stretch contractures which have already 
occurred and to prevent those which invariably occur in a denervated 
muscle. They also increase the range of motion in an already stiffened 
joint and help to keep a mobile joint active so that when the lun^ 
comes it is ready to perform its part in an effector rneebanism. Finallyi 
such movements help to reeducate the muscles in performing normal 
movements. These exercises should be carried out slowly and gently 
and never with quick, jerky movements. Each separate passive exer* 
cise should be individualized and the patient should be requited to 
make the attempt to perform the movement simultaneously or to at’ 
ternpt to hold the part in the position imposed upon it. 

In many instances active exercises may be employed to great advnti- 
^ median or ulnar nerve lesion at the wrist does 
not affect the innervation of the long flexor muscles of the fingers and 
the wist. Unfortunately, it is common to find the phalangeal and 
carpal joints ankylosed or the muscles atrophied simply from disu^ 
As Kanavel has pointed out, in practically every case of joint or 
muscle injury, passive motion of the injured part with the help of 
the sound member, combined with voluntary exercises, will accom- 
P towards the restoration of function if the patient has 

sufficient intelligence and energy. 

nncki? ^ i? mmutes to obtain as much relaxation as 

possible. Radiant heat, the mfra-red light hot packs or a whirlpool 
bath of warm water are all useful but should be used with extreme 
care, particularly because of the ease with which it is possible to burn 
the skin of a denervated area. The whirlpool bath is preferable 
because the motion of the water arte ^ .1 is 

pleasing to the patient and pvS Sfef 

Before beginning massage the extrpTnft,^"^ t ^ • n com- 

fnrtnWe nosition with all extremity must be placed in a coni 

fortable position with all the muscles completely relaxed. The posi* 



CHAPTER EIGHT 


PHYSICAL THERAPY IN INFANTILE PARALYSIS 
Arthur T. Lego, M.D. 

Introduction 

Poliomyelitis is a specific infectious disease, the causative agent of 
which is thought to be a filtrable virus. Although adults may be 
stricken with poliomyelitis, the disease Is primarily one of young chil- 
dren, appearing rarely under one year, but reaching the peak incidence 
at about the five-year-age level. A marked seasonal incidence is appar- 
ent in the consistent recurrence of the disease in the late summer and 
early fall. The disease is most common in temperate climates. 

In order to follow the course and treatment of anterior poliomyelitis 
carefully, the disease is best considered in four stages: 

The first, or acute, stage includes the constitutional symptoms, and 
the preparalytic and paralytic phases. Its treatment should be wholly 
medical. 

The second stage begins as soon as the temperature becomes normal. 
At this stage sensitiveness is still present, and the muscles show paral- 
ysis or weakness. Early orthopedic treatment for the prevention of 
deformity should start at this time, but no active treatment, such as 
massage and muscle training, until the sensitiveness has disappeared. 
It is during this second stage that most of the spontaneous recovery 
takes place. 

The third, or convalescent, stage starts when the sensitiveness is 
over and includes that period when the muscles make the greatest gain 
in power. Active muscle training should be carried on faithfully. 

The fourth, or chronic, stage is the stage after the muscles have 
finished their rapid gain. A certain proportion will have recovered to 
such an extent that no treatment is neepsaty other than occasional 
supervision. The remainder uiH still need orthopedic care, and the 
majority will still obtain benefit from muscle training and massage. 
This benefit will be showm both fn actual, although slow, gain in muscle 
strength and in an improved use of the body as a whole in getting 
around and taking part in normal acthities. Furthermore, badly 
affected muscles lose tone and function, and slight contractures 
develop into fixed deformities, if regular treatment is neglected even 
in the chronic stage ’ 
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movement on the normal side as well. If electricity is used to produce 
a movement, the technic is the same. , , 

Although actual movements of muscles 
a complete section of the nerve do not occur before the fourth moitt, 
these exercises may be begun after the third month. P. 

plementary movement, which at times develops during trea , 
ways retards recovery of paralyzed muscles is a moot .j 

the movement is adequate to function as in paralysis of • J 

it makes little difference to the patient. Care must always e 
to prevent fatigue in the paralyzed muscle. 

Occupational Therapy. — Gymnastics of various kinds, 
movements, etc., are valuable. Particularly valuable 
of the long time required to effect recovery is .„r,,pnts- 

The type of occupation should be devised to fulfill two req 
first, that which will hasten recovery and, second, that w , 
recovery does not take place, will be of benefit to the , j,. 

use of the extremity. The handles of tools are so 
afford support and exercise to the weakened muscles, na j 
screwdrivers, chisels, saws, planes, all lend themselves A j, ^an 
cising the upper extremities, and foot pedals of various mo 
be used for the lower ones. The small hand muscles are ass 
recovery by typing, basket weaving, rug making 'verv 

the combined use of all the methods outlined, a functional ^ 
may be brought about which justifies the surgical treatment, pa 
and time expended. 




CHAPTER EIGHT 


PHYSICAL THERAPY IN INFANTILE PARALYSIS 
Arthur T. Lecg, M.D. 

Introduction 

Poliomyelitis is a specific infectious disease, the causative agent of 
which is thought to be a filtrable virus. Although adults may be 
stricken with poliomyelitis, the disease is primarily one of young chil- 
dren, appearing rarely under one year, but reaching the peak incidence 
at about the five-year-age level. A marked seasonal incidence is appar- 
ent in the consistent recurrence of the disease in the late summer and 
early fall. The disease is most common in temperate climates. 

In order to follow the course and treatment of anterior poliomyelitis 
carefully, the disease is best considered in four stages: 

The first, or acute, stage includes the constitutional symptoms, and 
the preparalytic and paralytic phases. Its treatment should be wholly 
medical. 

The second stage begins as soon as the temperature becomes normal. 
At this stage sensitiveness is still present, and the muscles show paral- 
ysis or weakness. Early orthopedic treatment for the prevention of 
deformity should start at this time, but no active treatment, such as 
massage and muscle training, until the sensitiveness has disappeared. 
It is during this second stage that most of the spontaneous recovery 
takes place. 

The third, or convalescent, stage starts when the sensitiveness is 
over and includes that period when the muscles make the greatest gain 
in power. Active muscle training should be carried on faithfully. 

The fourth, or chronic, stage is the stage after the muscles have 
finished their rapid gain. A certain proportion wll have recovered to 
such an extent that no treatment is nec^sary other than occasional 
supervision. The remainder will still need orthopedic care, and the 
majority wll still obtain benefit from muscle training and massage. 
This benefit will be sho^\'n both in actual, although slow, gain in muscle 
strength and in an improved use of the body as a whole in getting 
around and taking part in normal acti\'ities. Furthermore, badly 
affected muscles lose tone and function, and slight contractures 
develop into fixed deformities, if regular treatment is neglected even 
in the chronic stage. ’ 
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While the treatment of the acute stage is entirely medical, some 
knowledge of it is tleslrablc in order to understand the later stages. 


First, or Acute, Stage ♦ 

The disease usually develops in the patient first as a general systemic 
process, of short duration, in which the child is only mildly ill mih 
slight fever and some variable indefinite symptoms referable to the 
upper respiratory tract or the gastro-intestinal tract. The patient re- 
covers from this mild indisposition, which is frequently entirely over- 
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uX The spinal fluM « 

sequent examination mav lumbar puncture (although su 

The fluid is colorless 

is present a readily demonstraW°'^°^ glass, _ rarely turbid, and ih 
present in normal amounts CrfU ^ tbe globulin. 

stage. ■ F. McKhann for the description of the acu 
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fifty to several hundred, usually lymph(^tic or monocytic in type. 
Occasionally, and especially very early in the meningitic stage, the 
fluid may be quite turbid, and the cell count may run as high as 1500 
to 2000 per cu. mm. In these cases the cells may be largely poly- 
nuclears. The high cell counts tend to fall rather rapidly, accompanied 
by a change in the types of cells to those of the mononuclear series. 

These evidences of acute infection mth meningeal involvement last 
but a few days. Yet in these few days of febrile disease the damage is 
done to the central nervous system, and the full basis of paralysis is 
established. 

The first appearance of paralysis is usually 36 to 48 hours after 
the onset of the meningeal stage, with the maximum extent of paralysis 
reached usually within 48 to 72 hours after the first demonstrable 
weakness. With the fall of the temperature to the normal level, the 
danger of further damage to the central nervous system, or further 
extension of paralysis becomes remote. 

Death from poliomyelitis in the acute stage of the disease is due 
usually to failure of the respiratory mechanism brought about presum- 
ably in one of three ways : 

(1) In dorsal involvements directly, by paralysis of the primary 
respiratory muscles, the intercostal muscles and the diaphragm. 

(2) In bulbar types indirectly, in patients with paralysis of the 
pharynx, by the collection of mucus or vomitus about the glottis, 
causing, either by actual obstruction or by initiating spasms of the 
glottis, constantly interrupted, shallow and irregular respiratory efforts. 

(3) In bulbar types, in addition to pharyngeal paralysis, directly 
by disturbance of the nerve centers in the medulla which control 
respiration. 


The last few years have brought definite advances in the treatment 
of these dangerous forms of the disease, advances which fall in large 
measure into the field of physical therapy. For the treatment of the 
first type of respiratory failure, involvement of the intercostal muscles 
or the diaphragm, the Drinker respirator has proved quite effective. 
In the treatment of bulbar forms of the disease, without intercostal 
or diaphragmatic involvement, where both the second and third 
mechanisms of interference with respiration may be operative, the 
results obtained from the use of the Drinker respirator have not been 
very encouraging. 


However, in view of the observution that patients \vith bulbar in- 
volvements, if they survive, show a most remarkable return of function 
in the paralyzed muscles of the ptiaiynx, every effort should be made 
to maintain life in these patients suffering from high cord or brain 
stem involvement. JIuch can be accomplished of benefit to patients 
who have pharyngeal paralysis not complicated by central interference 
with respiration. Inasmuch as patients suffering from pharyngeal 
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are not reached by the specific agent but are seriously impaired in their 
function by interference with the blood supply, probably in turn a 
result of the extensive edema. 

With the subsidence of the acute process, the edema diminishes,^ the 
hemorrhages resorb, and the motor nerve cells which have remained 
viable gradually resume their normal functions. But the cells which 
are no longer viable continue to degenerate, while groups of phagocytic 
cells collect to remove this dMs. When in a given level of the cord 
a few cells only are destroyed, the outlook as regards considerable 
return of function should be good. In very severe involvements all of 
the motor cells at certain levels may be destroyed, and in a few weeks 
a cavity in the cord may develop where once was a portion of the 
anterior horn. Obviously in cases where this type of extensive degenera- 
tion has been found at necropsy, had the patient survived, little could 
have been hoped for in the way of recovery of paralyzed members. 

Unfortunately exact determinations of the extent of involvement can 
be made only by pathologic examination. Clinically the number of 
patients who show some return of function in a paralyzed part is so 
large as to justify an optimistic attitude as regards some return of 
function in all cases and the acceleration of this return by proper 
physiotherapeutic procedures. Irv the paralyzed part in which the pas- 
sage of time has demonstrated the complete destruction of the nerve 
supply and the failure of the natural regenerative process, the obliga- 
tion to resort to orthopedic reparative procedures is obvious. 


Second Stage 


EARLY ORTHOPEDIC TREATMENT 


This Stage begins as soon as the acute febrile stage is over, when the 
cases are definitely paralyzed or weakened. About 8o per cent of the 
patients will show sensitiveness at this time, although others apparently 
never have any sensitiveness. 

The objects of treatment at this stage are the prevention of early 
deformities and the relief of the sensitiveness. The sensitiveness can be 
most easily combated by hot packs, given two or three times a day 
for about fifteen minutes If both arms and legs are sensitive the 
entire body should be wrapped in wet blankets or towels which have 
been placed in hot water and wrung out A rubber sheet outside will 
keep the heat in and protect the bed. If only the legs are tender the 
wrappings may extend from the waist down. The heat should not be 
intense enough to be debilitating, or to require the use of ice aoDlica. 
lions lo the hend. Dry heat, from electric pads, hot-water boUte or 
radiam hsht bakers, may be applied to the sensitive areas, but moist 
heat has seemed to the writer to be more effective in leienine the 
sensitiveness due to infantile paralysis. lessening the 



0 IvoiCo II Infantile Paralysis 

This stage may last from a few weeks to two or three months. No 
massage should be given during it. Complete immobilization in splints, 
or in a plaster bed, will aid in the relief of the sensitiveness. Unless 
the case is seen within a few days of onset, the knees and thighs may 
be already flexed on the body and resist extension. It may be necessary 
to immobilize in this position at the start, if the flexion and pain are 
severe, and gradually bring the legs dowm as the pain subsides. 



Fio. 8.— Equinus- -assumed in reoimbcnt position with weak dorsifle'o”* 
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The mentality is never impaired, and as a general rule the patient’s 
attitude is hopeful and cooperative, although some of the older ones 
may have more or less depression as they come to realize the extent 
of their affliction. 

The circulation of both legs is decreased during the period while the 
patient is being kept in recumbency, and atrophy will follow if the 
circulation is not kept up. Besides this effect of inactivity on the cir- 
culation of both normal and affected muscles, there is in many cases 
some vasomotor disturbance which shuts do\vn the blood supply to a 
great degree. As a result of this, we may find later a marked atrophy 
of the muscles and considerable shortening in a leg where there is 
very little loss of power, while another case with marked muscular 
involvement may have no shortening at all. However, the majority of 
cases with severe leg paralysis eventually show both atrophy and 
shortening. 

While some cases may show some loss of sensation during the acute 
stage and a few have incontinence or retention of urine, these symp- 
toms are never permanent and, if present, are a sign of some condition 
other than infantile paralysis. 

The classic signs of some other forms of paralysis, such as shiny 
skin, deformed nails, lack of sensation or anesthesia to heat, pain, 
touch, etc., are never present in infantile paralysis. 

This period when the sensitiveness has recently disappeared is the 
period of most rapid spontaneous recovery. Many cases show a re- 
markable spontaneous recovery in power during the first few weeks 
after the onset, even changing from complete paralysis to normal 
strength without any treatment whatever. This is explained by the fact 
that the early paralysis was due to pressure on the nerve centers by 
the edema in the spinal cord, without, however, any destruction of 
these motor centers. With the disappearance of the edema, the nerve 
cells resumed their normal function, and the muscles ceased to be 
paralyzed. This spontaneous recovery is often attributed by parents 
and irregular practitioners to ail sorts of batteries, lights and applica- 
tions, which have no value in themselves. 

Before any intelligent physical therapy treatment or reeducation 
of the affected muscles can be started, a complete muscle examination 
must be made to show the extent of paralysis and the comparative 
strength of the different muscle groups. A muscle examination can 
be made only by someone who has a thorough knowledge of func- 
tional anatomy and knows the relative normal strength of the different 
muscles examined. Any person without this knowledge of functional 
anatomy is not competent to make a complete muscle examination nor 
to carry out intelligent treatment. 


It IS inexcusable for a physician to turn a case over to a masseuse 
or a physical education instructor without special training and ex- 
periencc in this special branch of physical therapy. It is not sufficient 
for him to ask a patient sitting on the edge of a table to extend his 
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In tlie nursing care of the patient particular attention should be 
paid to the condition of the skin to prevent bed sores or chafing irora 
the splints. A daily sponge bath may be given, followed by a “S 
alcohol rub, but the sensitive joints should be mowd hule 
possible, and no brisk rubbing should be given with the alcohol, y 
deep massage, or too much passive motion, may increase the sensi v - 
ness and prolong this stage. .. t 

If the limbs are completely immobilized for any length . . 

corrected position, the sensitive muscles will shorten 1 

dnd joint motion will be lost. Light passive motion of the kn^ 
hips should be given twice d.iily, flexing each to the point of ^ ^ 

or twice. Otherwise when active treatment is started, 'yjl' ,vi,tnpss 
that the patient can not be sat up on a chair because of tne ig 
of the posterior gluteal muscles at the hip, and the knees can 
bent on account of the tight knee extensors, which can ^^^t e 
stretched out wthout permanent damage to the muscles. A J 
of the arm should be treated in the same way. _ j u u iVe Ices 
The general practitioner can prevent deformities and boio 
and trunk in their normal position by means of sandbags, ot®.. 
hold the feet at right angles, with the body kept in a P.. ^ 

by pillows. A patient with sensitive shoulders should not oe 
to keep the arms dose to the chest and the elbows ^ « a 

pillow in the axilla will help to prevent adduction contracturw 
splint is not available, and a bandage around the wrist may u P 
to the bed to keep the elbow in partial extension. n^Uusted 

It is far better to utilize pillows even though they must be 
frequently to maintain the desired position, than it is to 
plaster cast and leave the patient in it for any length 
interfere with the return of muscle power and produces stm jom • ^ 
Rest is the essential thing during this period, and the patien ^ 
be moved as little as possible except for necessary nursing 
Bradford frame should be used if it is necessary to carry 
increase in muscle activity should be allowed before a muscle exa 
tion is made. 

Third, or Convalescent, Stage 

When the sensitive stage is over, active physical therapy can he 
started. . l 5 

At this time, an examination sho^vs either a definite flaccid 
of the muscles affected or, U a mild case, some degree of weawn 
The reflexes may or may not be present, according to the .ujj 
the damage in the spinal cord, but they are never increased m 
stage. Some muscles may be contracted from overbalance, or w 
habitual position, but they are never spastic. The patient’s 
tion in controlling the muscle power which remains is never 
If he has the muscular strength to perform the desired motion, he '' 
execute it, and there will be no ataxic or uncoordinated moverae 
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The mentality is never impaired, and as a general rule the patient's 
attitude is hopeful and cooperative, although some of the older ones 
may have more or less depression as they come to realize the extent 
of their affliction. 

The circulation of both legs is decreased during the period while the 
patient is being kept in recumbency, and atrophy will follow if the 
circulation is not kept up. Besides this effect of inactivity on the cir- 
culation of both normal and affected muscles, there is in many cases 
some vasomotor disturbance which shuts down the blood supply to a 
great degree. As a result of this, we may find later a marked atrophy 
of the muscles and considerable shortening in a leg where there is 
very little loss of power, while another case with marked muscular 
involvement may have no shortening at all. However, the majority of 
cases with severe leg paralysis eventually show both atrophy and 
shortening. 

While some cases may show some loss of sensation during the acute 
stage and a few have incontinence or retention of urine, these symp- 
toms are never permanent and, it present, are a sign of some condition 
other than infantile paralysis. 

The classic signs of some other forms of paralysis, such as shiny 
skin, deformed nails, lack of sensation or anesthesia to heat, pain, 
touch, etc., are never present in infantile paralysis. 

This period when the sensitiveness has recently disappeared is the 
period of most rapid spontaneous recovery. Many cases show a re- 
markable spontaneous recoverj’ in power during the first few weeks 
after the onset, even changing from complete paralysis to normal 
strength without any treatment whatever. This is explained by the fact 
that the early paralysis was due to pressure on the nerve centers by 
the edema in the spinal cord, without, however, any destruction of 
these motor centers. With the disappearance of the edema, the nerve 
cells resumed their normal function, and the muscles ceased to be 
paralyzed. This spontaneous recovery is often attributed by parents 
and irregular practitioners to all sorts of batteries, lights and applica- 
tions, which have no value in themselves. 

Before any intelligent physical therapy treatment or reeducation 
of the affected muscles can be started, a complete muscle examination 
must be made to show the extent of paralysis and the comparative 
strength of the different muscle groups. A muscle e.\amination can 
be made only by someone who has a thorough knowledge of func- 
tional anatomy and knows the relative normal strength of the different 
muscles examined Any person without this knowledge of functional 
anatomy is not competent to make a complete muscle examination nor 
to carry out intelligent treatment. 


It is inexcusable for a physician to turn a case over to a masseuse 
or a physical education instructor without special training and ex 
poricnce in this special branch of phj-sical therapy. It is not sufficient 
for him to nsk a patient sitting on the edge of a table to extend his 
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I'ge 























Scrum 





Distribullon of Initial Paralysis. 


SensUlveoess (where) 


Previous Treatment 


Operation . . 


Fic 


S-IIlilor, shM UKtl In tte AIur-o,„ T«aim„t 
Pamlysu Commission. 


Clinic of t^e Harvard Infanlile 



No 
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Contractions and Deformities 
Shoulder 
Elbow 
Wrist 

Fingers 

Antenor Deltoid 
Posterior Deltoid 
Upper Trapezius 
Middle Trapezius 
Lower Trapezius 
Serratus Magnus 
Rhomboids 
Latissimus Dors! 

Clav. Pect Major 
Stern Pect Major 
Outuard Rotators 
Biceps 
Triceps 
Supm Drev 
Pronators 
Flexor Carpi Rad 
Flexor Carpi Uln 
Extensor Carpi Rad 
Extensor Carpi Uln 
Flex Prof Digit 
Flex Sub Digit 
Finger Ext 
Lumbricales 
Dors. Inleross 
Abd Mm Digit 
Palm Intcross 

Oppon Poll. 

Abd Poll. 

Thumb Flex ^ 

Thumb Ext 

Upper .Arm j 

Loner Ann 


Fjc. 6— Arm examination sheet u'^d in the After-Care Treatment Clinic of the Har\-ard 
Infantile rsraI>sL> Conunission 
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Patient’s Name 

Cannot walk, \valk5 unaided, with braces, crutches and corbel. 

Characteristic Gajl 

Scoliosis 

Left Leg Contractions and Deformities Risht Leg 


Hip 

Knee 

Ankle 

Orbit 

MoMh 

Anterior Neck 
Posterior Neck 
Back 

Respiration 
Quadralus Lumborum 
Anterior Abdominals 
Lateral Abdominals 


Gluteus masimus 
Hip Flexors 
Sartonus 
Inward Rotation 
Outward Rotation 
Tensor Fasciae Latae 
Hip Abductors 
Hip Adductors 
Quadriceps 
Inner Hamstrinss 
Outer Hamstring 
Gastrocnemius 
Anterior Tibiai 
Posterior Tibial 
Peroneals 

Extensor Lonpais DiKitorum 
Extensor Propnus Hallucis 
Flexor Longus Digitorum 
Short Toe Flexors 
Flexor Longus HaKucis 
Length 
Thigh 

Fio. 7-Lre rommllon sket „„d in lh.'^',i„.ca,e Tieatlent CUMc "I tl>' H’'""' 

Intantile Parab^ Commission. 
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knee, and pronounce that his muscles are gone if he is unable to do 
so. A knowledge of an easier position in which the weakened muscle 
can function may demonstrate a considerable amount of power remain- 
ing and may entirely change the prognosis as well as the treatment 
to be advised. On the other hand, it should be remembered that normal 
muscles not only produce movement through a certain arc of motion 



Fic 8.— Equinus — assumed with child sitUne with weak, dorsiflexors 


but are able to do so against a considerable degree of resistance and 
to hold the part in th.at position against a considerable amount of out- 
side pressure. It is not sate to assert that a child has no weakness 
because he is able to move his arms and his legs about in bed Partial 
paralysis is more common than total, and the presence of enough un- 
pamlyzed fibers In a muscle to straighten the knee in bed or silting 
up, docs not prove that there arc enough unaffected fibers in that 
muscle to hold the patient’s weight in standing. 


No, 


HARVARD INFANTILC PARALYSIS COMMISSION 


Patient’s Name 

Cannot walk, walks unaldnl, with braces, crutches and cornet. 

Characteristic Gait 

Scoliosis 

Left Leg Contractions and Deformities Rifiht Leg 


Hip 

Knee 

Ankle 

Orbit 

Hclh 

Anterior Neck 
Posterior Neck 
Back 

Respiration 
Quadratus Lumborum 
Anterior Abdominals 
Lateral Abdominals 


Gluteus maximus 
Hip Flexors 
Sartorius 
Inward Rotation 
Outward Rotation 
Tensor Fasciae Latae 
Hip Abductors 
Hip Adductors 
Quadriceps 
Itiner Hamstrings 
Outer Hamstnngs 
Gastrocnemius 
Anterior Tibial 
Posterior Tibial 
Peroneals 

Ectensor Longus Digitorum 
Extensor Propnus Hallucis 
Flexor Longus Digitorum 
Short Toe Flexots 
Flexor Longus Halluds 
Length 
Thigh 
Calf 

F» J.-L.S A(to-C.,. Treatment Clime oi 
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knee, and pronounce that his muscles are gone if he is unable to do 
so. A knowledge of an easier position in which the weakened muscle 
can function may demonstrate a considerable amount of power remain- 
ing and may entirely change the prognosis as well as the treatment 
to be advised. On the other hand, it should be remembered that normal 
muscles not only produce movement through a certain arc of motion 



Fic 8 — Equin\is — a»uincd rt»»ld siUmi; -wah weak dorsificTors. 


but are able to do so against a considerable degree of resistance and 
to hold the part in that position against a considerable amount of out- 
side pressure. It is not safe to assert that a child has no weakness 
because he is able to move his arms and his legs about in bed Partial 
paralysis is more common than total, and the presence of enough un- 
paralyzed fibers in a muscle to straighten the knee in bed or sittine 
up, ( oes not prove that there are enough unaffected fibers in that 
muscle to hold the patient’s weight in standing. 


HARVARD INFANTILE PARALYSIS COMMISSION 


Patient’s Name 

Cannot walk, walks unawk«l, with bnccs, crutches and corset. 

Characteristic Gait 

Scoliosis 

Left Lci; Contractions and Deformities R^ht Le;; 


Fio 7. — Leg exatninaiion sheet used 


. . , Orbit 

’acial 

Mouth 

Anterior Neck 
Posterior Neck 
Back 

Respiration 
Quadratus Lumborum 
Anterior Abdominals 
Lateral Abdominals 
Gluteus omimus 
Hip Flexors 
Sartorius 
Inward Rotation 
Outward Rotation 
Tensor Fasciae Latae 
Hip Abductors 
Hip Adductors 
Quadneeps 
Inner Hamstrings 
Outer Hamstrings 
Gaslrocneinius 
Antenor Tibial 
Posterior Tibial 
Peroneals 

Extensor Longus Digitorum 
Extensor Proprius Hallucis 
Flexor Longus Digilorum 
Short Toe Flexors 
Flexor Longus Hallucis 
Length 
Thigh 
Calf 


After-Care Treatment Clinic oi the I 
infantile Paralyris Commission 
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Eqttinus — a shortened tendo achillis prevents the heel from touching 
the floor, so that the weight is borne wholly on the forefoot, the con- 
dition is called an equinus. 

Valgus— li the adductors, the muscles which invert the foot, are the only 
weak muscles, the stronger abductor group, the peroneals, will pull the 
foot out into eversion (valgus). The patient will walk wth the fool 
displaced out^^ard and the internal malleolus will appear prominent. 
An equinus may also be present, in \%'hich case the deformity is called 
equinovalgus and the weight is borne on the toes with the foot dis- 
placed outward. 



Fig 10 — Equino\arus deformit} due to weak dorsiflcTors and peroneal group 


IVrHi— WTien the abductor group which everts the foot is weak, and the 
in%ertors are strong, the foot is turned in so that the weight is borne on 
the outer border of the foot. This deformity is called \arus. It is fre- 
(juently combined with an equinus. 

Should all three of these groups be weakened, strength in the posterior 
calf group would still produce an equinus on account of the weakness of 
dorsiflexors, but the foot would not be displaced to either side if the 
in\crtors and the e%ertors were equally weak. 

Cfl/ranri/i— Weakness of the gastrocnemius and soleus, when the opposin" 
dorsiflexnrs arc strong, results in a gait without sprin" The wd"ht is 
l.r,™e hcaMly on the hrel, ami the heel cmd BThdllally becomes stre'tehed 
out. This condition is known as calcaneus. 


14 
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The detnils of makinj; a complete muscle examination will be found 
in the later section on muscle training. 

After the muscle examination, if the patient has been allowed to 
walk, it is very important to notice the weight-bearing position ol hh 
feet, knees and trunk ns well as any fixed deformities which he way 
have acquired. The gait should also be analyzed very carefully. 



Fic. g. — Equinus with tiRht heel cord 

A form like the following may be of assistance; 

^0 ^hey turn out? , , 

fr^ T rolled in, the weight being borne on the outer bo ^ 

ic) is there a foot droi>_does he %v.ilk wholly on his toes? , 

(d) Does the weight come heavliy on the heel without sprm^ 
Knees: (a) Are they locked back in hyperextension on weight bearing? 
*hey kept flexed at all times> 

tb) Is carried fonvard and the hip permanently flexe 

U> Is the^S of the spine? 

A down on one sicle> . , 

(d) Does the patient stand tvith prominent abdomen and lordosis? 
Gait Much can be leam^i . 

f .ever le* .re 
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Equimts—li a shortened tendo achillis prevents the heel from touching 
the floor, so that the weight is borne wholly on the forefoot, the con- 
dition is called an equinus 

Valgus — If the adductors, the muscles which invert the foot, are the only 
weak muscles, the stronger abductor group, the peroneals, will pull the 
foot out into eversion (valgus). The patient will walk with the foot 
displaced outward and the internal malleolus will appear prominent. 
An equinus may also be present, in which case the deformity is called 
equinovalgus and the weight is borne on the toes with the foot dis- 
placed outward. 



Fic 10 — Kc]uino>arus deforinit> due to weak dorsidexors and peroneal group 


Varus — When the abductor group which everts the foot is weak, and the 
invertors are strong, the foot is turned in so that the weight is borne on 
the outer border of the foot. This deformity is called varus. It is fre- 
quently combined with an equinus. 

Should all three of these groups be weakened, strength in the posterior 
calf group would still produce an equinus on account of the weakness of 
dorsiflexors, but the foot would not be displaced to either side if the 
invertors and the everlors were equally weak. 

Co/roof/i!— Weakness o( the (saslreaiemius and soleus, nhen the onnosine 
dors.npnrs are strons, results in a put tTithoul sprinp The is 

home heavily m the heel, and the heel cord gradually becomes stretehed 
out. This condition is known as calcaneus. citncu 
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- Ca/cQHCofcrHi— Greater strength in either the invertors or the e\enors 
may cause a varus or a valgus in adcKlion to the calcaneus. 

Flail^A flail foot without fixed cieformity results when there is severe 
paralysis of all the muscles of the lower leg, since no one group is suwg 
enough to overbalance its opponent. In walking, a , .l. 

foot comes heavily on his heel and has a foot drop^ » . 

foot is clear-of the floor. A-flafl foot^ may be turned either out or 
when weight-bearing, but is not fixed in any position. 



Fic. rx.~Valgus defonnity due to weak 


adductor or i 


Forcfoitl vans—A valgus foot ot a flail toot may show varus ot 

foot i! the plantar lascia is sulBdently contracted, rvithoul any chans 
in the position ot the os calcis, j 

A-nre-The pMilion of the knee in weiRht bearing should be noticed 

1* The function of the q“n*."^Lle 

Wight bearing. K pie 

1 lo iiil.hr •>' hnvmg the knee bend j 

Uhh'o ^ There are various ways in wh.ch^a 

n U i„ 1 -lay walk to lessen this <innE«- 

common i.a> to keep the weight ot the body in front ot the «"'« 
,t when ....a: . ^ acCOmph*"’ 


ot the knee joint when standing on tLt leV 



Fic. 13 — Calcaneus deformity from 
weak jraftrocnemius and unparalyzed 
dorjiflexors {Lo%-ett ) 


Fic 14 — Hyperextended knees 
due to allowins; wefeht bcann? 
without support. (Lovett ) 
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by bending slightly forward and using the ha^ to pres 
cich time the weight is taken on that leg Th;s ocks the knee ,» 
against dexion. Many patients accomphsh ‘h’s ^ 

back in hyperextension Mthout using the ^^nd, by carrjnng the y 
ahead of the leg. This locking of the knee back is 

severe strain on the posterior structures of the knee J rppnfnrce the 
any considerable degree of weakness in the * ^^g^ius the 

knee joint posteriorly, cither the hamstnnp or the g > 

knee is forced back into a greater degree of 
mat joint will allow, and the joint capsu e f 

stretched. Extreme cases even present a *’“‘^'‘"'"1 1'“' ° il even 
deformity has developed, it is practically impossible to correct 



Fio 


IS— Hand supporting thigh In standing with weak quadriceps- 
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though the quadriceps muscle may grow stronger, and the position is a 
potential cause of painful joint strain in later years, as well as a per- 
manently awkward gait. A strong quadriceps may cause hyperextension 
of the knee in the presence of weak posterior muscles, but the mechan- 
ical locking of the knee necessitated by a weak, quadriceps is a more 
frequent cause. 

Another gait which is sometimes developed by the individual with a 
weak quadriceps is that of walking with the whole leg rotated out. The 
internal lateral ligaments of the knee take the strain in this case without 
locking the knee back. Efforts to train sudi a patient to walk with his 
foot and leg pointed forward will only result in increased falls, if his 
knee is not held by a brace. 

A knee flexion contracture may cause walking with the knee bent. 


The limps which are caused by weakness of the gluteal muscles are 
very awkw'ard and noticeable. It is important to recognize them, since 
they are not usually improved by braces or by operations on the feet, 
and much disappointment will be avoided if this is explained to patients 
before undertaking measures which may improve the lower joints. 

The function o! the gluteal muscles in standing is to hold the pelvis 
in position over the leg which is taking the body weight at the moment. 
When the weight is taken on the left leg, for instance, the left gluteus 
maximus posteriorly tightens to prevent the pelvis from tipping for- 
ward so much that the erect position of the trunk will be lost. If this 
muscle is loo weak to hold the pelvis back in place, the patient must 
either support himself with a crutch or a cane in front to prevent 
fle.xion from occurring at the hip, or else he must throw his trunk 
backward at the moment of stepping on the left leg; by so doing, 
the superincumbent weight of the trunk is brought behind the center 
of motion of the hip joint, and the danger of fle.xing the hip is pre- 
vented. This throwing of the body backsvard each time the patient 
steps on one of the legs is a definite sign of weakness of the gluteus 
maximus of that side. If the gluteus maximus of both sides is poor, 
the patient may walk without crutches, provided the knees are held in 
extension, by carrying his trunk posterior to his legs, the abdomen 
usually protruding. Efforts to leach him to stand with his weight for- 
ward only result in his silting down backward unless crutches are sub- 
stituted to hold him up 


Weakness of the left gluteus medius usually results in a throwing 
or bending of the trunk to the left side whenever the right foot is 
taken off the floor, ^^'he^ the supirort of the right leg is removed, the 
pelvis lends to drop down on the right side unless it is held by the’ left 
gluteus medius from doing so, or unless the trunk is tipped far 
enough over to the left to raise the right side of the pelvis. This tipping 
of the body to the weak side is the common abductor limp and it is 
sometimes difficult to distinguish from a short-leg Jimp. Occasionallv 
instead of lipping to the weak side, the opposite side of the pelvis is 
alloued to drop, m a hmp similar to a mild Trendelenburg sign Weak 
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by bending slightly forward and using the hand to press the thigh back 
each time the weight is taken on that leg. ITiis locks the knee joint 
against flexion. Jinny patients accomplish this locking of ihe knee 
back in hyperextension xvithout using the hand, by carrying the body 
ahead of the leg. This locking of the knee back in hyperexlension is a 
severe strain on the posterior structures of the knee joint. If there is 
any considerable degree of weakness in the muscles which reenforce the 
knee joint posteriorly, either the hamstrings or the gastrocnemius, the 
knee is forced back into a greater degree of hyperextension than a nor- 
mal joint will allow, and the joint capsule becomes permanently 
stretched. Extreme cases even present a backward bowleg. Once this 
deformity has developed, it is practically impossible to correct it even 
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though the quadriceps muscle may grow stronger, and the position is a 
potential cause of painful joint strain in later years, as well as a per- 
manently awkward gait. A strong quadriceps may cause h>-perextension 
of the knee in the presence of weak posterior muscles, but the mechan- 
ical locking of the knee necessitated by a weak quadriceps is a more 
frequent cause. 

Another gait which is sometimes dex-eloped by the individual wth a 
weak quadriceps is that of walking with the whole leg rotated out. The 
Internal lateral ligaments of the knee take the strain in this case without 
locking the knee back. Efforts to train such a patient to walk with his 
foot and leg pointed fonvard will only result in increased falls, if his 
knee is not held by a brace. 

A knee flexion contracture may cause walking with the knee bent. 


The limps which ate caused by weakness of the gluteal muscles are 
very awkward and noticeable. It is important to recognize them, since 
they are not usually improved by braces or by operations on the feet, 
and much disappointment will be avoided If this is explained to patients 
before undertaking measures which may improve the lower joints. 

The function of the gluteal muscles in standing is to hold the pelvis 
in position over the leg which Is taking the body weight at the moment. 
When the weight is taken on the left leg, for instance, the left gluteus 
maximus posteriorly lightens to prevent the pelvis from tipping for- 
ward so much that the erect position of the trunk will be lost. If this 
muscle is too weak to hold the pel\is back in place, the patient must 
either support himself with a crutch or a cane in front to prevent 
flexion from occurring at the hip, or else he must throw his trunk 
backward at the moment of stepping on the left leg; by so doing, 
the superincumbent weight of the trunk Is brought behind the center 
of motion of the hip joint, and the danger of flexing the hip is pre- 
vented. This throwing of the body backward each time the patient 
steps on one of the legs is a definite sign of weakness of the gluteus 
maxfmus of that side. If the gluteus maximus of both sides is poor, 
the patient may walk ^vithout crutches, provided the knees are held in 
extension, by carrying his trunk posterior to his legs, the abdomen 
usually protruding. Efforts to teach him to stand with his weight for- 
ward only result in his sitting down backward unless crutches are sub- 
stituted to hold him up. 


Weakness of the left gluteus medius usually results in a throwing 
or bending of the trunk to the left side W’henever the right foot is 
taken off the floor \\Tien the supiwrt of the right leg is removed, the 
pelvis tends to drop dovsm on the right side unless it is held by the left 
gluteus medius from doing so, or unless the trunk is tipped far 
enough over to the left to raise the right side of the pelvis. This tipping 
of the body to the weak side is the common abductor limp and it is 
sometimes difficult to distinguish from a short-leg limp, oiasionallv 
instead of tipping to the weak side, the opposite side of the pelvis is 
allowed to drop, in a limp similar to a mild Trendelenburg sign Weak 
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sS to side %i"g (rom 


ibdiicfnr E^utcus mcdius and the gluteus maximus, hip 

lea Jbc hip flexors makes it difficult to move the 

the neivfc usually overcome by a slight twist ci 

P >hjch brings the leg forward usually in outward rotation 



FiC iho»in5 . 

“Wbar lordosis due to flip coofracUon 



Third Stage 


Chapter SI Ol 
Volume llJ " ^ 



Fio. i8— Bulging abdomen when crying— "Sht lateral abdominal weakness (Lovett) 



Fic J 9 — Marked scoliosis with rotation from lack of adequate treatment. 
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ness of the abductors of both hips results in a waddle, tipping from 
side to side. 

Weakness of both the gluteus nicdius and the gluteus maximus, hip 
abductor and extensor, on the same side, causes the body to be tipped 
diagonally back on the weak side. 

Marked weakness of the hip flexors makes it difficult to move the 
leg straight forward, and this is usually overcome by a slight twist of 
the pelvis which brings the leg forward usually in outward rotation 



Fio. i6— Lumbar lordosis doe to hip contraction 



Fic InmUr lordo.b dm lo h.p codlraclion- 
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Fig xg —Marked scoliosis wilh rotatioa from lack of adequate treatment 
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Shoricning and abdominal paralysis also complicate the hip limps, 
and habit forms a very considerable element in the limp of a chronic 
patient. 

If a child with weak hip extensors has been allowed to sit up a great 
deal ■with the hips flexed, it will be found that the hips are held pet- 
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manently flexed when the time comes for the child to stand. This 
necessitates an increase in the normal physiologic curve of the lumbar 
spine in order to hold the body erect — in other words, a lordosis. 

The patient with weak anterior abdominal muscles stands with a 
very prominent abdomen and often has the same tendency to arch the 
back. 

Weakness in the lateral abdominal muscles usually results in stand- 
ing or sitting %vith a list toward the stronger side, and a curvature in 
the spine. This is functional at first and very flexible, but if not prop- 
erly supported may increase in severity very rapidly. Length of the 
legs, involvement of the shoulder, chest and back muscles, and efforts 
at maintaining equilibrium all play a part in determining the type of 
scoliosis which results. 

Besides this detailed hiuscle examination and a recognition of any 
existing deformities or limp, the physician should inquire into other 
points which will be helpful in formulating an adequate plan of treat- 
ment. If the patient has been allowed to walk, questioning will often 
bring out the facts that he limps more when he is tired, or that he 
has trouble going up the stairs. The question of whether or not a 
slight case should go back to school may depend on these points, and 
the distance he will have to walk, or the number of stairs to be 
climbed. There may have been no apparent trouble with the arms 
during the acute stage, yet some weeks afterward it may be noticed 
that continued effort in writing or sewing causes undue fatigue and 
that the hand Is used awkwardly. Inability to cough normally and clear 
the throat, difficulty in swallowing dry or solid food, and an unusually 
nasal voice are important points which may not be brought out in 
the muscle examination. A nervous irritability is frequently noticed in 
children who have been allowed to resume their normal activities too 
soon. 

OUTLINE OF TREATMENT 


The treatment to be advised at this time should still lay emphasis 
on the prevention of fatigue and of deformities This is also the time 
above all others to concentrate on measures to reeducate the muscles, 
and to develop strength whenever response can be obtained. 

All parents are anxious to get the child to sit up and be on his feet 
as quickly as possible. It is difiicult to explain to them that sitting 
up and walking are the worst things that the child can be allowed to 
do, if his muscles are not strong enough to hold his body in the normal 
position. This is because faulty position puts the weakened muscles 
on the stretch, and they become fatigued from trying to work under 
a disadvantage Stretching and fatigue make it more difficult for them 
to regain their strength, and their chance of recovery is definitely 
lessened. Habitual weight bearing in a deformed position results in a 
permanent deformity. Even though the muscles may gradually become 
somewhat stronger, displaced bones and stretched ligaments do not 
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return to normal, and hypcrcxlcnded knees, scoliosis and foot deform- 
ities do not disappear. 

If the legs are not involved, there is no reason why a patient should 
not be allowed to walk when the sensitive stage is over, provided that 
the trunk is properly supported if it is \veak and the arms are he a 
in abduction if the deltoids arc weak. ^ 

If there is even slight weakness of the legs, weight bearing and waJ - 
ing should be forbidden at this time. ^ 

It has been my routine to forbid walking and weight bearing in a 
of slight leg involvement, until the muscles have regmned in 
normal power. Even then one must be careful in guarding 
muscle fatigue. Muscles which have been weakened by pohornye i ^ 
fatigue much more quickly than normal, even though their slreng 
appears normal while undergoing manual tests. . 

If the legs are markedly involved, it has been my 
prevent weight bearing for six or nine months if the ^ 5^ 

tinue to show improvement under treatment, in order that J 
may not be checked by over-use. During this period, muscle r 
ery should be aided by dally massage to improve d 

carefully carried out muscle training to strengthen the wea 
muscles. If walking is not ijermitted, this treatment should 
tended to include a normal leg in order to keep up Us muse e ■ 
When the circulation is badly affected, it is well to employ so 
form of heat before the massage. Stimulation by electricity ^ .u 
form at the present time has no place in the treatment of mian 
paralysis, to my mind. 

Cases ^vith considerable involvement of the legs should conui 
to wear the posterior ^vire splints applied during the earlier 
It IS important, however, that these splints should be removed 
a day, and that as much motion as is possible without pam ® . 
be earned out in all the joints. Great care should be used m AeiJ b 
the knee if the quadriceps has become tight from too ..g 
mobilization on the splint, as it is not uncommon to 
trauma of the muscle when (00 much force is used. , ^ 

Operative measures are not indicated at this time. It is not alw y 
necessary to wait two years before proceeding with operative 
nres, as the tradition has been handed down, but it is my ^ 
that we should wait at least a year before doing transplantations 
or other operations in an attempt to reestablish muscle tS 

the end of a year, a surgeon who has watched a case from j 
beginning will know fairly definitely how much more Progress ^ 
likely to be made m regaining power under physical therapy 
ment. In the ^se of marked contractures which have occurred 
lack of early ^re radical treatment should be instituted at any 
before the end of a year if splints and manual stretching are 
inadequate to overcome the deformities. No marked deformib®^ 
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should ever occur in cases of poliomyelitis if efficient treatment has 
been advised and carried out from the start. 

It is inexcusable to allow a case to go without receiving all possible 
benefits from muscle training and the prevention of deformity be- 
cause the surgeon thinks that operative measures will be needed 
in the future. It is impossible to foretell at the start how much 
improvement can be obtained with treatment. Furthermore, the bony 
changes which take place when a deformity is neglected make a 
good end-result less likely. A patient is entitled to his chance of 
regaining as much power as possible under other forms of treatment 
before operative measures are considered. 


The Fourth, or Chronic, Stage 


The exact time when a case becomes chronic does not depend as 
much upon the number of months after the onset of the disease, as 
upon the time when its condition seems to be about stationary. The 
time of spontaneous improvement and of rapid gain under treatment 
is over, and it is obvious which muscles will always be badly weak- 
ened, although some further gain can usually be expected if treatment 
is continued. Deformities from lack of care, or from unequal balance, 
have become fixed, the affected limbs are definitely atrophied, and 
shortening has taken place. 

It may be said that most of the spontaneous recovery will occur 
in three or four weeks. It may also be said that the most rapid gain 
under muscle training will be made in the first nine months to a year, 
as a general rule. 

There are, however, many instances where a muscle does not show 
any particular gain for many months after the onset and later shows 
marked improvement. This is generally due to the fact that the 
muscle was allowed to be on the stretch, as in the case of a deltoid 
when the arm is allowed to hang by the side, or in other instances 
where a muscle is outpulled by its stronger antagonist. Faulty weight 
bearing may also put weakened muscles on the stretch. 

It can be asserted that no weak muscle will come back if it is 


allowed to remain on the stretch, but it is difficult to foretell which 
of these stretched muscles may recover, if given a period of rest 
and reeducation with the strain removed. Certainly they are entitled 
to the chance, for there are numerous instances on record where 
poor muscles have regained^ good function after months of remain- 
ing at a standstill. One patient, G. S., received no treatment for a 
poor deltoid for ten months after the onset, at which time muscle 
training was started. A platform splint was applied one year after 
the on<;et. The poor deltoid showed no change during the first eight 
months of treatment, but in the next six months it improved to a 
good’ rating 2-/12 years after the onset and iVi. years after treit 
ment was started. 
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No physician will ever see a case of infantile paralysis for the 
first time without being asked what the outcome is going to be. It 
is a difficult question to answer at the first examination. 

The parents can be told that some power will be regained in those 
muscles which are only weakened, but it is impossible to say just 
how much at this time. No prognosis can be made about the muscles 
which appear to be completely paralyzed, except that about 50 per 
cent of completely paralyzed muscles do regain some power, some 
of them even recovering normal strength if properly treated. 

As to the general outlook for the patient, it is well to keep in mind 
that practically every patient will show some improvement under 
proper treatment, and that it is impossible to tell how much until 
it lus been tried. It can always be said that a patient with good 
arms can be made to walk with the help of braces and crutches, 
even if both legs are useless, and many patients with badly weak- 
ened arms and trunk in addition to helpless legs can be taught to 
walk for short distances in apparatus. If serious deformities are pre- 
vented, there should not be more than a few patients out of any 
thousand cases of infantile paralysis who are too badly paralyzed 
to be taught to walk with apparatus. 

A person without experience with large numbers of cases wll do 
well to avoid the mistake of telling a patient that he can never walk 
again, for the probabilities are that the statement is not true and 
the effect is to discourage any effort toward recovery. 

As has been said before, it can be told rather definitely at the end 
of a year what permanent inequality of muscle balance about a 
joint is going to e.xist. So at this time tendon transplantations to 
reestablish an even balance of power about a joint may be con- 
sidered for the improvement of function. Among the most common 
transplantations used in the foot are the following: 

1. Setting the tendon of a peroneal or an anterior tibial muscle 
forward into the dorsum of the foot to strengthen dorsiflexion, in 
cases of equinus. 

2. Setting the tendon of the peroneus longus in the inner side of 
the foot when weakness of the tibial muscles allows strong peroneals 
to hold the foot in valgus 

3. Setting the anterior tibial tendon to the outer side of the foot 
when there is weakness of the peroneals and a tendency to varus 
position on account of greater tibial strength. 

4. Setting the peroneals, posterior tibial and sometimes the long 
toe flexors also directly into the os calcis to give them a stronger 
pull in plantar flexion when the gastrocnemius and soleus weakness 
has allowed a calcaneus to develop. 

There are other combinations used, but no rules can be laid down 
because all transplantation operations must depend on the relative 
strength of the different muscle groups affected by the operation 
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to improve the function of the shoulder are of little use if there is no 
power to use the hand or elbow. 

Apparatus 

Apparatus has two purposes in the treatment of infantile paralysis — 
to allow locomotion, and to prevent or correct deformity. 

Provided that a child is making satisfactory gain under muscle 
training, it is our policy to keep him off his feet as long as possible 
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After transplantation the muscle must be reeducated to take on 
its new function and must be protected from fatigue, stretching and 
faulty weight bearing as carefully as any weak muscle. 

The success of the operation depends largely upon a proper esti- 
mate of the strength of the opposing muscle groups. Muscles of less 
than fair powers do not, as a rule, function successfully m a new 
position. On the other hand, the transplantation of a strong musce 
may so weaken the strength of its original group that overcorrec on 
results in the production of a second deformity, the reverse oi 
original one. , , . . 

Various transplantations may also be done at the knee and mp 
improve function, provide greater stability for the joint, or le 
limps. The function of the thumb, hand and elbow may some i 
be improved by transplantations. Those done at the shoulder 
not been particularly successful. _ . . g 

Besides tendon transplantations, bone stabilizations must oe 
in many cases. The object of a stabilization operation is ^ 

motion between certain bones, so that they will be joined , 
in the correct position by bony union. This operation is^ '’^porlv 
when fixed deformities have occurred on account of inefficient J 
treatment which has allowed bony changes to take place an 
articulaUng relation between bones has been changed. 
operations may then have to be performed to replace the pa 
normal position as well as stabilization to hold it in place 
weight bearing. . 

In these cases the after-treatment must be entirely different iro 
that when transplantations alone have been done, because Qf tro^n^ 
mobility in certain directions also prevents the action of . 
muscles. Very often the stronger muscles are utilized by transp ^ 
them at the time of the stabilization so that they can assist in 
action of the remaining joints. ii 

Arthrodesis of the shoulder joint is an operation which 
motion in the joint and unites the humerus with the scapula. « w) 
give the patient better use of his arm provided that the mujcles con 
trolling the scapula are strong and that he already has good fun 
in Us hand and the ability to flex his elbow in at least half snpmaM^ 
t which a bony operation should be performed mus 

left to the judgment of the surgeon. Lack of firm union or disturbance 
of growth from injury to the epiphysial centers may follow if done at 
too early an age. 

The question of bone lengthening should be discussed wilt any 
pauent who has more than two inches of shortening in a leg. . , 

The practical value of any operation should be carefully estimated 
beiore it is advised. The objects should be to correct deformity, W 
improve stability and lessen the amount of apparatus needed, or defi- 
nitely to improve lunction when other means have failed. OperaW® 
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even though he may have fair power in his legs. It is not good policy 
to continue this restriction indefinitely on account of the general con- 
dition, however, and most patients viith any severe involvement of the 
legs start walking before it is advisable for them to do so wthout 
support. Many other patients in clinic practice cannot be kept off their 
feet even though they would benefit more from the rest if it were 
possible. 

In any case, after six or seven months, it is generally advisable to 
allow getting up on the feet for the effect on the general condition and 
the morale, even though the length of time daily may be restricted. 
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Case, which have not been “ "" 

months should also be stmicd . ‘"“^uld not he alloffed to 

It is very important, i/so doing the knee, fool or 

stand without supporting “PPi>':»‘“®i"'”"“Xd degree of nooqosl 
leg is held in a deformed position. If any matkca u g 
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abdominal muKlfs rcctise canvas 

. j stanJ 

muscle balance exists, weight bearing will cause the 
in a deformed position, will stretch out the weakened ^ 
cause o\crfaligue with resultant loss of posver and, eventu 
deformity ,._gr t)-?® 

lUaces to prevent deformities of the foot may be of tne ca t' 
or of the sole-plate type. 
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For calcaneus or equinus without lateral deformity of the foot, a 
simple caliper may be used with anterior or posterior flanges on the 
shoe socket to prevent dorsiflexion or foot drop as the case may be. 

A sole-plate brace with straps or a leather anklet should be used to 
hold the foot in normal position if any lateral deformity exists. The 
ankle joint may be so constructed that it checks either dorsiflexion or 
foot drop according to the muscle balance. 



A high heel, either of cork inside the shoe or an elevation on the 
shoe itself, helps to take the strain off a weak gastrocnemius. 

Tipping the shoe by an elevation of an eighth-inch to a quarter-inch 
on the inner border of the heel helps to take the strain off the tibial 
muscles and correct pronation; and, if necessary, a leather inner sole 
with a felt pad under the arch can also be used with a caliper brace 
An elevation on the outer border of the heel, or of the sole of the 
shoe, will help to correct a tendency to roll the foot in 
Cases with weak quadriceps usually hyperextend the knee and re 
quire a long brace reaching to the groin with straps at the knee to 
prevent Its flexing when weight is put upon it, and also to prevent its 
being thrown back into hyperextension. A knee joint to all™ greater 
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Fig 2? — Case showing de\iat:on of 
ftfad to left due to right inTOlwraent of 
lateral neck muscles 

Fh; 27a — Thomas collar for correc- 
tion of neck deviation. 
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comfort in sitting may be incorporated if the brace is built of flat 
metal, but should be locked in weight bearing. 

The lower end of the brace may have a foot plate or be of the calioer 
type, as required. 

Cases with weak abdominal muscles should have a stout, well-nttinr 
corset made before they arc allowed to sit up. Weak trunk muscles 
allow the body to tip to the side, with danger of causing a scoliosis. 
The corset is also an aid in getting the balance on starting to walk as 
well as an agent to prevent deformity. 
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In cases of severe weakness of the neck muscles, a collar should be 
worn to keep the head in the normal position. 

Weakness of the deltoid muscle of the shoulder should be supported 
in abduction by a platform or aeroplane splint. If the arm is allowed 
to hang at the side, this muscle will become stretched from the drag of 
the arm. A sling is not as beneficial, because it favors the development 
of adduction contractures and does not hold the deltoid in the most 
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motion nwy be ilou-rfi ffH >/ triceps is weaker, free 

desirable to have the /ore^m^ and hand muscles are good. It is 
between flevion ^nrt <.wa supported in neutral position halfway 

the^muscles at the wrilt or fofhc tod “““ 

^th the fmlers”flexim^nr”'i!***'^- to have the ability to grasp 

and the thulb l '"'h ‘he wrist in some extension, 

splint for a hand ^ Cmger-tips. In buMng a 

‘he function of masninJ'ih^ <humb, ft fs important to remember that 
bone neariv at f riJh!’^ mmgs requires a thumb mth its metacarpal 
'vriting. The snlrn/^off t *be hand in position for 

band, and at thp cirM*" ^ adapted (o the muscle balance of the 
a palmar or cock r/n ^ consideration should be given as to whether 

^ype of stock brar/» i,a 7 *‘^^*‘* ^ brace-maker for whatever 

Case should deciri/* ®PP^y* The doctor in charge of the 

must then suDervi?,* « motors must be incorporated in the brace and 
personally to insure its doing the work desired. 

THvsrcAL Therapy Treatment 

included in some form of external heat should be 

mlantile paralysis physical therapy treatment of m 

Slugpsh circuladon qnrf muscles are extensively involved, 

monly present, and ir fc «? j/ affected extremities are com- 
best work when thev ^r^ muscles cannot perform their 

rrUH^ unable to oerfn^ ^’ happens that very weak 

cold, so it is evident th^r ,1, movement whatever when they arc 

the part is thnr benefit will be received from the musde 
!?f through the warmed first. The increase of the 

fiber? valuable in resulting from the local applies* 

fastening the the nutrition of the musde 

simnW he applied in waste products. 

is by the The most common and 

which k <?, radiant lichf ? which consists of a reflector 

spectrum be form of heating element 

infra-red be no n'. mfra-red wavelengths of ihf 

the skin ^he radiam^r^'^^^*^ advantage from using these 

idea that much heat as 

choosing a radLW arc mS? (he 

constructed iha (hi S than infra-ref h 

is sometimes the Z 

m some of ® focus at a burning point, as 

^ r*eapcr single bulb types, bargee 
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Fio. ji.— Large baker to acconmodate a number of children. 
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bakers holding a number of bulbs rvill be found 
with extensive involvement. The hanging ‘yP.® 
to the desired height above a table, over which is spre 
blanket, and the three or (out small children placed inside 
are thoroughly warmed all over in ten w tte 

The writer believes that there is no advantage (,5^1. 

use of medical diathermy as a means of '« 

ment of inlantile paralysis, and there 5 teqnitel 

cases of extensive paralysis on account ol the '^S „se, 

The danger of burns is also greater with 5™“'' chndten- 0 
hot blankets can be used, if no other form of bea 

Massage. — ^The physiologic effects of massage the 

of heat, in that bith increase the blood ^upp S' r^erdse ot 
metabolism. In addition, massage is a term Jr . . m tnusdes 
manipulation of muscles which tends to prevent ad 
•which are not normally active. Massage is 
periods of time or with much force in an . shorten the 

extremities. The preliminary use of heat wll be without 

time required for massage and to increase the cw uiassage 
fatiguing the muscles. It should ahvays be borne m ^ do« 

in itself does not increase muscle power, and that mas b 
not constitute adequate treatment of weakened tnuscies. 

The technic of giving massage is also im^rtant, 
improperly given, harm rather than benefit will V 5.* 

The pressure should be very light in order not to diu 
ened muscle fibers, and the muscle should be raiscn Qyj<^V;en thf 
rather than flattened do\vn on it. Only enough 
blood circulation is needed, and no benefit occurs pf the 

force. The direction of the pressure should be the same ^ and 
venous circulation and should never work against ^lusclesy 
kneading are the two manipulations most helpful for t ® to the 
friction may be employed around contractures m 
definite stretching of the contracted tendons There of 

of harming atrophied paralyzed muscle fibers by the sbatp 

percussion intended to stimulate nerves and muscle boer» 
blows. The greatest care should be taken to prevent tiring o 
the atonic muscle fibers by too heavy handling. cont^*' 

rnanipulation of the tissues, which should leave them 

the 


tion lor the voluntary efforts at movement~the so-called act 
cises — which are necessary to develop strength. in 

The author personally prefers the Hoffa technic of ‘he 

treatment of infantile paralysis, because a point is made oi ^ 
jndiwdual muscle group separately and following the direct 
muscle fibers with the stroke, which is always a continuous r 
pressure from the distal to the proximal end. 
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Muscle Training * 

By muscle training we mean the localized action of certain definite 
muscles or muscle groups — the attempt to exercise and develop certain 
muscles, without at the same time bringing into play other muscles 
whose action is, for some reason, undesirable. The object is a more 
localized action than that involved in the so-called corrective, or 
individual, gymnastics. 

Muscle training is especially useful in the treatment of infantile 
paralysis. Some years ago, patients with W’cakened leg muscles were 
encouraged to be as active as possible, the theory being that exercise 
strengthened the muscles. Exercises were given to bring up the strength 
of the weakened leg, without much thought being given to what par- 
ticular muscles were performing the exercises or what degree of weak- 
ness existed in individual muscles. The fact that fatigue increased the 
weakness in already weakened muscles was not considered, nor that 
a patient always tends to perform a movement by using the strong 
muscles rather than the weakened ones. 

Some of the points in the physiology of muscles which have a prac- 
tical bearing on muscle training are as follows: 

Each muscle is made up of many muscle fibers. Action or contrac- 
tion of a muscle makes the individual fibers shorter and thicker, and 
causes a chemical action with resultant waste products. These are 
normally removed by the circulation of the blood, and fresh blood is 
brought back. This is helped by the mechanical pumping action of the 
muscle fibers and joints on the blood vessels. If the circulation is not 
good, there is an accumulation of waste products wth a resulting loss 
of muscle power. Exercises should be given in sufficiently slow rhythm, 
and time enough allowed between counts for recovery of the muscle. 


Dr. Shepherd I. Franz, in his book, “Nervous and Mental Re- 
education,” states that “the complex nervous adjustments are made not 
only at the time a special exercise is taken, but also in the period of 
rest which follows one exercise and which precedes the next exercise.” 
He also insists on the full arc of motion being made each time, in order 
to get the full mechanical effect of the joint action on the circulation. 

The full arc of motion is also desirable in order to establish the 
habit reflex and obtain better coordination of the nerve centers through 
frequent repetition of a normal movement. 

Passive movement is useless in restoring muscle power There must 
be attempted voluntary movement until active movement is achieved 

A muscle can perform more mrk when the contraction is started 
from the stretched position than it the muscle is already partially 

• The section on Muscle Traimnc has been amneed hv Af ice t> » r ... 

of Phjsical Therapeutics at (he Childcw,’^ Hosmtel v •’ ®>«ctor 

indebted for her asMstance lioston, lo whom I am greatly 
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contracted as movement is started. The muscles develop best Tvben 
they are given all the work they can do without fatigue, 

Beevor, in his lecture on “Muscular Movements and Their Repre- 
sentation in the Central Nervous System/' states that a muscle may 
take part in two different movements — for instance, the biceps, which 
acts with the supinator brevis as a supinator, and also tahes part uiii 
another group of muscles in flexion of the elbow. He states that it is 
possible that if one of these movements be lost owing to an organic 
lesion of the central nervous system and not the other movement, 
biceps, which takes part in both movements, may be paralyzed 
the one movement and not for the other. 

Whenever free exercises are given in the effort to strength^ acy 
individual muscle, other muscles arc involuntarily contracted by toe 
patient in the effort to localize the movement.’ Beevor explains 
synergic muscles as follows: 

When a muscle in passing over hvo or more joints has two or more 
different actions, then if only one of these actions be required, otne 
muscles are brought into the movement whose actions are 
to those of the muscles which are not required. The muscles 
are brought into action to neutralize an action which is not 
are called synergic muscles. Example: wrist flexors come intosynerp 
action to prevent extension of wrist when extension of Angers 
required. The antagonists are the finger flexors which relax dunng 
movement of finger extension. 


The general purposes of muscle training in poliomyelitis are: 

1. To maintain and improve the circulation and nutrition, 
of 11*1, muscle tone and prevent degeneration and J [ P, ^ 
mninr disuse or from joint adhesions, in cases wh 

m nerve supply is partially or temporarily interrupted. 
imf-nWo/i tone in muscles whose nerve supply has bee 

impaired during the period of recumbency or disuse . , , 
tion of remaining nerve centers where partial de 

habit-4hL“"‘?? ""'filing Ipart has occurred-rc*at.o j) 

which are <?fiii same time developing the fibers of the ^ 
rhofnfc "ormany, tLs inaeasiag the strength 

5. To develop coordination and control, 

bright om”th]'Led?or^lT‘"® Termont, in 

muscles and analycinB the examination of 

work was done b/ Mifs W r ‘5“ UJds'as*'- 

ant. In .gid, the Lw Yc^ and^xt's''^’ R“be.rt W. Ltivf'Voide'mic 
urre al^n tronf^vi Massachusetts victims of the 


were also treated under tw t Ma^chusetts victims of the e 
from the experience in Vermont * supervision by methods 
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The routine of examining and grading muscle strength and the 
positions used in giving exercises to the different muscles according to 
the amount of power found upon examination will be described accord- 
ing to the system in use in the Harvard Infantile Paralysis Commission 
Clinic at the Children’s Hospital, Boston. The method is based upon 
the work of Dr. Lovetl and Miss Wright, as described in “The Treat- 
ment of Infantile Paralysis” by R. W. Lovett. 

It seems almost unnecessary to state that some system of grading 
muscle power is necessary in order to follow the progress of the 
different muscles under treatment. Since we are working for the 
restoration of function, it seems most natural to grade the strength of 
muscles according to their functional ability. Then when we have 
clearly charted the relative functional strength of the different muscle 
groups, it is an easy matter to pick out the exercise positions best 
suited to the amount of power found. No one would attempt to 
strengthen a child with normal muscles by asking him to perform 
some stunt entirely beyond his strength, yet it is not uncommon to see 
infantile paralysis patients being urged to perform some exercise which 
is equally impossible for the partly paralyzed muscles. This may have 
very serious results for several reasons. In the cases of muscles so 
badly paralyzed that they can only start the movement, it often hap- 
pens that after they have become fatigued by a number of efforts, 
they can no longer even start the movement, and this loss of their 
previous ability may persist for several days. There have been instances 
where returning power in the toes has been so damaged by over-use 
that it has been lost permanently. 

In other cases we see too hard an exercise position chosen, which 
causes an attempt to reach the desired position by rotating the limb 
and substituting stronger muscles. This does not strengthen the muscles 
for which the exercise was intended. 

Frequently, the relative strength of opposing muscle groups is dis- 
regarded, and we hear such remarks as, “No, he can’t push it down 
much, but he pulls it up fine, so I let him do that, and then I put it 
down for him.” In other words, an exercise intended for the extensors 
has become an active exercise for the stronger flexor group and only 
passive motion for the extensors. In this way the unequal balance of 
power about the point tends to become still more unequal as the 
stronger flexors increase in power under exercise and the extensors 
are neglected, and the danger of producing a deformity due to unequal 
pull becomes steadily greater. 

The general rules for muscle training are: 

1. Avoid overfatiguing a muscle by overtreatment, by performing 

a movement rapidly or too many times. “ 

2. Make each movement a N-oluntary active one performed by the 
patient in response to a stimulus. If no power is present the patient 
should attempt the motion with concentration while the operator 
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carries out the motion “with help.” The patient should be instnicted 
not to return the part to the starting position, but to relax after-each 
effort and allow the operator to do the return movement passively. 

3. See that the full arc of the motion is obtained each time. If 
necessary, help should be given in completing the arc, being careful to 
allow no pause at the point where the patient’s' strength gives out. 

4. Localize the exercise by fixing the adjoining parts of the body so 
they will not take part in the movement. This is both to insure 
mum concentration and effort in the desired action, and also to preven 
substitution of other muscles. It is better to give one moveinent at a 
time than a combined movement of two parts at the same time, an 
if it is desired to give both flexion and extension exercises to 
joint, it is better to give them as two exercises with a rest 
rather than have the patient attempt to exert his maxinium e 
during both parts of the exercises. Passive replacement of the p 
gives a chance for recovery before the next effort. 

S- Give resistance, to develop strength wherever possible, it ® . 
not be given until the muscle is able to complete ."Lvich 

unaided, and if given, it should always be a little less than . 

would stop the movement or make It jerky, and should be gra 
to leverage throughout. . . U 

^ 6. Radiant heat \vith massage is desirable before the trea , 
given, to start the circulation and make the muscle give a 


response. ^ . 

7 - Ordinarily tieatment is given once a day, six days a wee • 
best to have each exercise done twice, at first, gradually 
number until it can be done ten times without fatigue. The w 
treatment, including the massage, takes from twenty 
hour, depending upon the extent of the paralysis. It is preiera 
whenever possible to have two short exercise periods a day rath 
one long treatment. . 

I 'It apparatus is removed, care should be tafaa" 

to allow the part to hang, and no stretch or strain should be allow 
on the muscles which are being kept shortened in the splint. 

9. Always have the part which is being exercised uncovered, 
entire rl he alone with the patient in order to secur 

entire concentration. ^ 


nnTinmv training is an exact knowledge 
anatomy, the origins, insertions and actions This is necessary w 0™. 

ened rd'whl^'^*' --kened, kow they may be stren^h 

-"“y be trained to take the place of fh' 


action from very weak muscles. 
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Our standard classification for grades of power is: 

Gone — no contraction felt. 

Trace — muscle can be felt to tighten, but can not produce movement. 

Poor — produces movement with grawty eliminated, but cannot 
function against gravity. 

Fair — can raise part against gravity. 

Good — can raise part against outside resistance as well as against 
graxnty. 

Normal — can overcome a greater amount of resistance than a “good” 
muscle. 


The second preliminary’ to muscle training is an intelligent decision 
regarding which muscle groups are to be strengthened. This is deter- 
mined by: 

(a) The presence of deformity or permanent contracture of the 
muscles. It is obviously unwise to stren^hen muscles that are causing 
deformity or that are already contracted. 

(b) The likelihood of causing deformity. In the presence of unequal 
balance of power about a joint, it is unwise to strengthen a muscle 
which already overbalances its opponent if this is likely to cause 
deformity. 

(c) The relative importance of weakened muscles in regard to useful 
function of the limb, walking, correction of a limp, etc. The danger of 
fatigue from too many exercises should be borne in mind. 

The third preliminary to muscle training is a knowledge of the type 
of exercise best suited to the amount of power remaining in the muscle 
to be developed. 

There are three general types of exercises: 

a. Those against gravity. 

b. With grav-ity eliminated or neutralized. 

c. With help of gravity. 

There are three methods of gMngan active or voluntary exercise; 

a. With assistance. 

b. Unaided or free. 

c. Against resistance. 


Tjye a, exercises against gravity, are suitable for fair and good 
muscles, ® 


Type 6 exercises, with ^a\ity eliminated or neutralized, are suitable 
for poor muscles and may be given in any one of the three ways named 

s;renX“n:dr"‘''‘'’ ” 
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effort starhng position, but to relax after, each 

c ^ operator to do the return movement passive!)’, 

noic , lull arc of the motion is obtained each time. If 

an«„r^« ^ should be given in completing the arc, being cardul to 

o pause at the point where the patient’s’ strength gives out. 
f^e r ?3 exercise by fixing the adjoining parts of the body so 

y wi 1 not take part in the movement. This is both to insure man- 
Cl effort in the desired action, and also to prevent 

rim^ other muscles. It is better to give one movement ala 

if combined movement of two parts at the same time; and 

u flexion and extension exercises to the same 

as two exercises with a rest between 
Wiirin^ u patient attempt to exert his maximum eSott 

o;xr«»c ^ L ” exercises. Passive replacement of the part 

gives a chance for recovery before the next effort 
Tinf ha resistance, to develop strength wherever possible. It should 
unalHp.H^^'^S muscle is able to complete the arc of motion 

Srf always be a little less than tbatTriiich 

to leverage t^rougho^^^^^ urake it jerky, and should be gtaduat?d 

given^tn't?irf niassage is desirable before the treatmpt is 

response. circulation and make the muscle give a better 

number^ imn exercise done twice, at first, gradually increasing the 
treatmLt nU without fatigue. The whole 

hour, denendrncr massage, lakes from twenty minutes to an 

whenever extent of the paralysis. It is preferable 

one long treatment ^ short exercise periods a day rather tba 

to allow removed, care should be taken not 

on the muscles wlriri, uo stretch or strain should be allowe 

9- Always have shortened in the splint. 

*0. If possible be ^ exercised uncovered, 

entire concentration. ^ patient in order to secure his 

^1'V.ji P...... 1 .. 

exact knowledge of 
This is necessary in o™ 

, lOw they may be strengtn 
weakened ones. may be trained to take the place of th^ 

The first preliminarv fn 

mine the e«cl amo„„rof™“* ‘raining is an examination to deter 

tor this, it 13 necessari* in the difTerent muscle group ^ 

for obtaining response and ir?; r ^"uwledge of the easiest posilioO’ 
action from very weak muscles. 
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uscle Training 

Our standard classification for grades of power is: 

Gone — no contraction felt. 

Trace — muscle can be felt to tighten, but can not produce movement. 

Poor — produces movement with gravity eliminated, but cannot 
function against gravity. 

Fair — can raise part against gravity. 

Good — can raise part against outside resistance as well as against 
gravity. 

Normal — can overcome a greater amount of resistance than a “good” 
muscle. 


The second preliminary to muscle training is an intelligent decision 
jgarding which muscle groups are to be strengthened. This is deter- 
tined by: 

(a) The presence of deformity or permanent contracture of the 
luscles. It is obviously unwise to strengthen muscles that are causing 
eformity or that are already contracted. 

(b) The likelihood of causing deformity. In the presence of unequal 
alance of power about a joint, it is unwise to strengthen a muscle 
rhich already overbalances its opponent If this is likely to cause 
eformity. 

(c) The relative importance of weakened muscles in regard to useful 
unction of the limb, walking, correction of a limp, etc. The danger of 
atigue from too many exercises should be borne in mind. 

The third preliminary to muscle training is a knowledge of the type 
)f exercise best suited to the amount of power remaining in the muscle 
0 be developed. 

There are three general types of exercises: 

a. Those against gravity. 

b. With gravity eliminated or neutralized. 

c. With help of gravity. 

There are three methods of giving an active or voluntaiy' e.xercise: 

a. With assistance. 

b. Unaided or free. 

c. Against resistance. 


Type a, exercises against gravity, are suitable for fair aird -rr 
muscles. c-'-*- 

Type b exercises with parity eliminated or neutralized are =nibi5.> 

for poor muscles and may be given in 3nvnn««f*i. .t. 

i.e,‘wilh assistance, vniided, or ZS Zllt 

sirength of the muscle. resistance, according: tn fe 
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Type c, exercises with the help of gravity, must be given agamsl 

fficient resistance to equal or support the weight of the limb; other- 
ise the part either will drop without the desired muscle action, or 
! lowered by the opposite group. , 

In examining to establish a grade, it is first necessary to 
hether the movement can be performed in a certain 
;xt, whether the muscles can also overcome resistance wni e p 
g the movement. The determination of whether the s re gr 
mod” or “normal” can best be told by having the 
sition while the examiner pulls until the muscles yield ... 
inciple used in the spring-balance muscle test as original y 
Lovett and Martin. Considerable experience with , -j 

t ages is necessary to make this difierentiation ® 

rmal accurate, but the presence of some normal muscles i 
'sistance in making the decision. , . yjng 

In giving exercises, it is not advisable to make a m 

e patients hold the positions until their strength js 
xamining, for this is fatiguing. It is better to have the be 

e movement against a graduated resistance, which 
reat enough to prevent the movement from being catrwQ 
moothly. j .t, t* 

In the following description, it is to be taken for granted tiia • 

(a) Help is given to finish the movement whenever the muscles at 

unable to do so; . ^fnTnied 

(b) The part is to be guided so that the movement is per 

correctly; _ . . 

(c) The instructor replaces the part in the starting position 

each effort; - 

(d) Resistance is to be given whenever the muscles ere 
enough to overcome it. 

Since the positions used in examining muscles to 
strength are often the same as the positions used for giving e^ , 
to those muscles, the description of both will be given under the 
mg of the movement performed. The muscles which are in a posuw 
to help with the movement are listed under each heading. 

Hip Extcnsion—Gluteus maximus. Gluteus medius and minimus. 
Hamstrings. Adductor magnus. 

EX^UtlNATION. — 

X. Prone lying. 

'>'■ *'e to raise the leg from the table 
>'8 in line with the body. Goon « 
nonstAt. mnsdre—shouW be able to do this against dn'™'” f 
pressure given by the examiner, and should hold the raised p® 

wTo lS enTh^rf '■ 0vron *e thigh above <b= 

hnee to lessen the participation of the hamstring muscles 
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2. Affected side lying, ^Wth the knee drawn up to the chest. Poor 
muscles — should be able to perform at least part of the movement 
of pushing the thigh dowm and back into extension, and may be 
able to complete the movement even against some resistance, but 
cannot raise the leg against gravity in the prone position. 

Exercises. — For good or fair muscles. 

1. Prone lying, patient raises leg in air with straight knee. 

2. Prone lying with the legs hanging over the edge of the table, 
patient raises leg to horizontal. (This position wll lessen the 
amount of movement occurring in the lumbar spine.) 

For POOR muscles. 

3. Affected side lying with the underneath knee dra\vn up to the 
chest, patient pushes the thigh down and back into extension. 

4. Patient lying on his back with the leg supported in the vertical 
position — pushes his leg down to the table against the resistance 
of the instructor’s supporting hands. The knee should be kept 
straight throughout to eliminate effort at knee extension. 

5. Opposite side lying with the affected leg supported in the instruc- 
tor’s hands — same exercise as in No. 3. 

Hip Flexion.* — Psoas major and iliacus. Rectus femoris. Sartorius. 
Adductors longus and brevis. Peclineus. Gracilis. Obturator 
externus. 


Exajiination. — 

1. Sitting erect on edge of table, legs hanging 

Fair muscles — should raise the knee to the chest. 

Good or noraial muscles — should do this against a good deal of 
doumward pressure. A tendency for the thigh to flex or hold in 
outward rotation signifies greater strength in the sartorius than 
in the other muscles concerned. 

2. Affected side lying. 

Poor muscles — should be able to perform at least part of the 
movement of drawing the thigh up to the body. 


Exercises. — For good or fair muscles. 

1. Sitting erect on edge of table — patient raises the knee to the 
body, without tipping the body back or rotating the thigh. 

2. Lying on the back— patient brings the knee up to the body. 

For POOR muscles. 

3. Affected side lying, patient draws the knee of the underneath Ipp 

up to the body. ^ 

4. Prone lying mlh legs off the end of the table-the leg is grasned 

at the ankle and raised to horizontal-patient then pulls the knee 
down and under the table, gravity helping. ^ 

• n,p aenon „e,cfcc. sho.ld not be giv™ if Mp oo„trac.i„„ oAts. 
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Type c, exercises with the help of gravity, must be given against 
ifficient resistance to equal or support the weight of the limb; ether- 
ise the part either will drop without the desired muscle action, or will 
lowered by the opposite group. 

In examining to establish a grade, it is first necessary^ to know 
hether the movement can be performed in a certain position, and 
ixt, whether the muscles can also overcome resistance while perform- 
g the movement. The determination of whether the stren^h is 
■^ood" or “normal” can best be told by having the patient hold the 
osition while the examiner pulls until the muscles yield — the same 
rinciple used in the spring-balance muscle test as originally 
V Lovett and Martin. Considerable experience wth patients oi dmw* 
It ages is necessary to make this differentiation between good an 
ormal accurate, but the presence of some normal muscles is often an 
ssistance in making the decision. . x t, • p 

In giving exercises, it is not advisable to make a practice of having 
le patients hold the positions until their strength is overcome, as m 
xamining, for this is fatiguing. It is better to have the muscles per o 
he movement against a graduated resistance, which should never 
real enough to prevent the movement from being carried throug 
moothly. 

In the following description, it is to be taken for granted that. 

(a) Help is given to finish the movement whenever the muscles are 

unable to do so; . 

(b) The part is to be guided so that the movement is performed 
correctly; 

(c) The instructor replaces the part in the starting position aftet 
each effort; 

(d) Resistance is to be given whenever the muscles are strong 
enough to overcome it. 


“sed in examining muscles to determine then 
often the same as the positions used for giving exer 

tfoscription of both will be given under the head 
tn\e1n P«formed. The muscles which are in a posih» 

to help tvith the movement are listed under each heading. 


““imus. Gluteus medius and minim®- 
Hamstrings. Adductor magnus. 

Examination. — 


. Prone lying. 

sl*ra^cht^knM~k^°^-^ be able to raise the leg from the table >vith 
SonvAL ''e »e body. Goon « 

nrr^mc Sve^ do this against downw™ 

lioT^iSt “"d shoo'd hold the raised poa 

on the thigh above the 

* 'pntton of the hamstring muscles 
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2. Affected side lying, wth the knee drawn up to the chest. Poor 
muscles— should be able to perform at least part of the movement 
of pushing the thigh dowm and back into extension, and may be 
able to complete the movement even against some resistance, but 
cannot raise the leg against gravity in the prone position. 

Exercises. — For good or fair muscles. 

1. Prone lying, patient raises leg in air with straight knee. 

2. Prone lying wth the legs hanging over the edge of the table, 
patient raises leg to horizontal. (This position >vill lessen the 
amount of movement occurring in the lumbar spine.) 

For POOR muscles. 

3. Affected side lying with the underneath knee drawn up to the 
chest, patient pushes the thigh down and back into extension. 

4. Patient lying on his back with the leg supported in the vertical 
position — pushes his leg down to the table against the resistance 
of the instructor’s supporting hands. The knee should be kept 
straight throughout to eliminate effort at knee extension. 

5. Opposite side lying with the affected leg supported m the instruc- 
tor’s hands — same exercise as in No. 3. 


Hip Flexion.’*' — Psoas major and tliacus. Rectus femoris. Sartorius. 
Adductors longus and brevis. Pectineus. Gracilis. Obturator 
externus. 


Exajiination.— 

1. Sitting erect on edge of table, legs hanging. 

Fair muscles — should raise the knee to the chest. 

Good or normal muscles— should do this against a good deal of 
downward pressure. A tendency for the thigh to flex or hold in 
outward rotation signifies greater strength in the sartorius than 
In the other muscles concerned. 

2. Affected side lying. 

Poor muscles — should be able to perform at least part of the 
movement of drawng the thigh up to the body. 


Exercises. — For good or fair muscles, 

1. Sitting erect on edge of table — patient raises the knee to the 
body, without tipping the body back or rotating the thigh. 

2. Lying on the back— patient brings the knee up to the body. 

For POOR muscles. 

3. Affected side lying, patient draws the knee of the underneath lee 

up to the body ® 

4. Prone lying mth legs off the end of the table— the leg is grasned 

at the ankle and raised to horfaontal-patient then pulls the knee 
down and under the table, gravity helping. ^ 

• Il,p anon owrdsc, siould not bo et.™ it any Wp Scion contaotion edsls. 
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5. Opposite side lying, with the affected leg supported in the in- 
structor’s hands — same exercise as in No, 3. 

duction. — Gluteus medius and minimus. Gluteus maximus, upper 
fibers. Sartorius, and the small outward rotators of the hip, \shen 
the hip is flexed. Tensor fasciae femoris. 

Examination. — 

I . Lying on the opposite side. 

F AIR abductors should raise the upper leg in the air through the 
normal range of abduction. 



Fic 33 — Guiding hip abduction 


should do SO against downward pressure. 

S W 1 fenioris is obtained better f 

RlutcM [ '.rf **"^*«"> is more Pur^ 

IcR VTth' tensor fasciae femoris can 


10 finish fh#» f..tt ‘'i“out a horizontal level but is no 
J-^-'jWucti^^ without fair power . 


the 


9 I t. . ‘‘ m minimus. 


able to move the leg out to the side. 
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Exercises. — For good or fair muscles. 

1. Lying on the opposite side of the body, patient raises the upper 
leg in abduction. 

For POOR muscles. 

2. Lying on the back, pelvis held, patient moves the leg out to the 
side, without rotation of the leg or flexion of the knee. Powder 
may be used to lessen friction, or the leg may be supported in 
the instructor’s hands. 

3. Prone lying — same exercise This position requires more effort 
from the gluteal muscles and less from the flexor abductors. 

4. Sitting — abduction of the thigh, particularly suitable for the 
flexor abductors. 

Flexion abduction exercises should not be given if any contrac- 
tion of the tensor fasciae femorls exists. 


TEST FOR CONTRACTURE OF TENSOR FASCIAE FEMORIS 

Patient prone lying, with legs hanging over the table edge. Exam- 
iner holds pelvis down with one hand and, with the other hand 
under the knee, grasps leg and raises the thigh in line with the 
body, until horizontal, and then adducts it. This position brings 
out a beginning contracture more clearly than when movement in 
the lumbar spine is allowed to take place. 

Adduction. — Adductor longus. Adductor magnus. Adductor brevis. 
Gracilis. Quadratus femoris. L.ower fibers of gluteus maximus. 
Pectineus. 


Examination, — 

1. Lying on affected side, with other leg held up by examiner in 
position of abduction. 

Fair muscles should raise the under leg several inches from the 
table 

2. Lying on the back, with the leg out in abduction 

P— ’ - ’1 ’ • ’ . ’ 

° 'Strings, 

tr... oiiuuiLi iiwi i/i. aiiutvcu 10 luLaie outward, and the 

adductor tendon should be felt. 


Exercises. — For good or fair muscles. 

1. Lying on the affected side, patient raises the affected teg from the 
table, knee straight. 

For POOR muscles 

2. Lying on the back with the leg out in abduction, patient draws 
the leg m to the other leg, keeping the foot pointing straight in 

3 Lying on the opposite side, with the affected leg supported in the 
a,r ,n abduct, on, patient pulls the leg down, grfvily asSting 
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S. Opposite side lying, with the affected leg supported in the in- 
structor’s hands — same exercise as in No. 3. 

Abduction. — Gluteus medius and minimus. Gluteus maximus, upper 
fibers. Sartorius, and the small outward rotators of the hip, when 
the hip is flexed. Tensor fascine femoris. 

Examination. — 

I . Lying on the opposite side. 

Fair abductors should raise the upper leg in the air through the 
normal range of abduction. 


' 33 — Guiding hip abduction 


should do so against downward pressure. j 
the leu is ''“sor fasciae femoris is obtained h' , 

kIiKm! if .a ? floxion. while the action is more purely 

leg^wi't'jconl”'"''* ‘onsor fasciae femoris can h‘>''* Sj 

to f nishfhe f,T" “ horizontal level but is no 

Pooa'^musdes shouM ie iwe ta mo« fie leg out to the side. 
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4. Sitting on the edge of the table with the thigh in abduction, 
patient draws the thigh into the other leg. 


INTERNAL AND EXTERNAL ROTATION OF THE THIGH 


There is considerable divergence of opinion among authorities 
as to the muscles taking part in these movements, and examina- 
tion is generally unsatisfactory. This is because the small muscles, 
such as the gemelli, cannot be seen or felt to function, and the 
other muscles can be more accurately tested in their other inac- 
tions. Furthermore, it is not uncommon to find a patient walking 
with his leg in external rotation, in spite of the fact that his 
strength in internal rotation is apparently greater when he is 
off his feet. Since the small hip-outward rotators are geneialiy 
supposed to abduct the thigh, when the hip is flexed, to 
rotate it out, when the thigh is extended, some idea of their 
strength can be obtained by trying outward rotation in both pos** 
tions of the thigh. 


Posterior fibers of gluteus medius and minintw 
Lower fibers of gluteus maximus 
Iliopsoas 


■when thigh is in extension 


External Rotation.— 

Sartorius 
Pectineus 
Adductor longus 
Adductor brevis 
Adductor raagnus 
Biceps 
Pyriformis 
Gemelli 

Quadratus femoris 
Obturator externus 
and internus j 

Examination and Exercise— 

other the lower leg across in front 0 

OUR muscles should roll the whole leg outward. 

femoris. Anterior fibers of 

Examination and Exercise.- 

loweMeg Wth^idr^’ hanging, patient shooW n 

knees together. ^ while keeping 

hfp. ^ bnck, patient should roll the whole leg in fro'’’ 
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EXTENSION 

Knee. — Quadriceps. 

Examination. — 

1. For normal strength in a child. Squatting in deep knee-bend 
position with all the weight on one leg, patient comes to the erect 
position by straightening the bent knee. Patient’s other leg and 
hands may be steadied by the examiner. This test is not suitable 
for adults or markedly overweight children, and gastrocnemius 
and gluteus maximus strength are also required in order to attain 
the erect position. 

2. Sitting on edge of table, legs hanging. 

Fair muscles should raise the lower leg to horizontal, \vithout 
thigh rotation. 

Good muscles should do this against downward pressure. It is 
dUficult to decide whether this muscle is normal, because sufficient 
force may be exerted against older children to raise the patient’s 
body from the table, without causing the knee to bend, and yet a 
history may be given of weakness shown in normal or athletic 
activities. 

3. Affected side lying, with the thigh held firmly in slight e.xtension 
by the examiner, knee flexed, 

Poor muscles should be able to perform at least part of the move- 
ment of straightening the knee, and may be able to perform it 
against some resistance, but cannot extend it in the sitting posi- 
tion against gravity. 

Exercises. — F or good or fair muscles. 

1. Sitting on edge of table, patient raises lower leg to horizontal. 

2. Lying on back with lower leg hanging over edge of table, patient 
raises lower leg to horizontal. (The additional tension placed on 
the rectus femoris in this position makes the exercise slightly 
easier than in the sitting position.) 

3- Lying on back, raising the leg in the air with straight knee is 
more properly a hip flexion exercise. 

For POOR muscles. 

4. Affected side lying, same position as in examination No. 3. The 
exercise is made easier by holding the thigh firmly back in exten- 
sion, or somewhat harder if the thigh is held in some flexion, 
during the movement of knee extension. The greater tension of 
the rectus femoris in the first position makes it easier to start 
the movement than when the muscle is relaxed by hip flexion. 

5- Lying on the back, “setting” the muscle by attempting to pull on 
the patella without moving the leg. 

6- Prone lying, ivith the knee flexed and lower leg vertical, patient 
e.xtends the knee against resistance given in front of the ankle. 
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4. Sitting on the edge of the table with the thigh in abduction, 
patient draws the thigh into the other leg. 

INTERNAL AND EXTERNAL ROTATION OF THE THIGH 

There is considerable divergence of opinion among authorities 
as to the muscles taking part in these movements, and examina- 
tion is generally unsatisfactory. This is because the small muscles, 
such as the gemelli, cannot be seen or felt to function, and the 
other muscles can be more accurately tested in their other func- 
tions. Furthermore, it is not uncommon to find a patient walking 
with his leg in external rotation, in spite of the fact that his 
strength in internal rotation is apparently greater when he is 
off his feet. Since the small hip-outward rotators are generally 
supposed to abduct the thigh, when the hip is flexed, and to 
rotate it out, when the thigh is extended, some idea of then 
strength can be obtained by trying outward rotation in both posi- 
tions of the thigh. 

External Rotation.— 

Sartorius Posterior fibers of gluteus medius and minimus 

Pectineus 

Adductor longus Lower fibers of gluteus maximus 

Adductor brevis 

Adductor magnus Iliopsoas 

Biceps 

Pyriformis ] 

Gemelli 

Quadratus femoris i-when thigh is in extension 

Obturator externus 
and internus J 

Examination and Exercise. 

1. Sitting with lower legs hanging. 

Fair muscles should raise the lower leg across in front of the 
other leg while rotating the thigh out. 

2. Lying on the back. 

Poor muscles should roll the whole leg outward. 

Internal Rotation. — Tensor fasciae femoris. Anterior fibers of gluteus 
medius and minimus. 

Examination and Exercise. 

1. Sitting wth knees flexed, lower legs hanging, patient should raise 
lower leg to the side away from the other lea while keeping the 
knees together. 

2. Lying on the back, patient should roll the whole leg in from the 
hip. 
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For POOR muscles. 

2. Affected side lying, thigh of louver leg held firmly, patient bends 
the knee. If the thigh is held forward in flexion, the exercise will 
be easier than if the thigh is held in line with the body. 

3. Lying on back, with the leg held vertical by the instructor, 
patient bends the knee, pulling the lower leg down against the 
resistance of the instructor’s supporting hand — thigh remains 
vertical. 

4. Sitting on the edge of the table with the lower leg supported at 
horizontal, patient bends the knee, pulling the leg do^vn under 
the table. 

Plantar Flexion (bending ankle so that toes point down). — Gastroc- 
nemius and soleus. Peroneus longus and brevis. Flexor digi- 
loTum longus. Planlaris. Tibialis posticus. Flexor hallucis longus. 

Examination.-— 

1. Standing on one foot. 

Normal muscles should raise the body weight on the tiptoes at 
least ten times. 

Good muscles should enable the patient to walk on tiptoes or rise 
on tiptoes less than ten times 

2. Prone lying, foot off the table edge. 

Fair muscles should point the foot up, against considerable 
downward pressure on the ball of the foot. 

3. Affected side lying, knee straight. 

Poor muscles should push the foot down. It is important to watch 
for action of the tendo achillis, since this is the tendon of the 
strongest plantar flexor, the gastrocnemius. Of the other plantar 
flexors, the long toe flexors will act first on the toes before mov- 
ing the ankle, and the peroneals and posterior tibial act first on 
the forefoot Gastrocnemius strength, shown by the pull of the 
tendo achillis on the heel, is necessary for good plantar-flexion 
function. 

Exercises. — For good muscles. 

1. Standing on one foot, rise on tiptoes or walk on tiptoes. 

For FAIR muscles. 

2. Lying face down, with the knee flexed and the lower leg vertical, 
or with the knee straight and the foot over the edge of the table, 
patient plantar-flexes ankle against pressure on the ball of the 
foot. 

For POOR muscles. 

^ sitting, points the foot down against resistance. 

4- Affected side lying, patient points the foot down, being careful to 
use the tendo achillis. 
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Thigh should be held down firmly by the instructor. This exercise 
may be made harder for stronger muscles by .increasing the 
resistance and by starting the movement with the knee completely 
flexed so that gravity must be overcome at first. 



Fjo S4 — Ewrcife for “poor” knee r ttensor— thigh fited. 


FLEXION 

Knee. — Biceps. Popliteus. Sartorius. Gracilis. Semimembranosus. 
Semitendinosus. Gastrocnemius. Plantaris. 

Examination. — 

1. Prone lying. 

Fair muscles should raise the lower leg to vertical. 

Good or normal muscles should do this against downward pres- 
sure on the lower leg. The thigh should be held dowm firmly 
throughout movement. 

2. Poor muscles, affected side lying, with the thigh held firmly in 

front of the body, hip flexed to give greater tension on the ham- 
strmg muscles. Examiner should feel the tendons of both the 
internal and external hamstring muscles during flexion of the 
knee. ® 

Exercises. ——For coon or fair muscles 

I. Prone lying, patient bends the knie, raising the lower leg 10 
verucal. ^ 
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For POOR muscles. 

3. Lying on the back, patient turns the foot in. 

4. Prone lying, with the foot off the end of the table, patient turns 
the foot in. 

Deformity which results from weakness of this group— valgus 
(foot is displaced outward). 

Exercise to be avoided — eversion. 

EVERSION 

Peroneus longus, brevis, tertius Extensor digitorum longus 

Examination and Exercises. — 

I. Sitting or lying, patient turns the foot out. 

The strength of the movement and the amount of resistance over- 
come determine the grading. 

Deformity which results from weakness of this group — varus 
(foot is turned in). 

Exercise to be avoided — Inversion. 

Since these muscles take part in more than one movement of 
the foot or toes, and it is not uncommon for one muscle to be 
weaker than the others of its group, it Is customary to estimate 
their strength separately, as well as testing the group as a whole. 

The tibialis anterior is a dorsal flexor of the foot, as well as an 
invertor. Its tendon is the innermost of the three tendons which 
can be seen and felt, across the front of the ankle joint in a 
normal foot. In carrying out the examination positions and exer- 
cises just described, the larger part of the movement n*ill be 
performed by the tibialis anterior if the foot is pulled up at the 
same time that it is being turned in. 

The tendon of the tibialis posterior can be felt just above and 
behind the internal malleolus, and it can be felt to contract more 
strongly if the foot is pointed down as it is being turned in. 

The extensor di^torum longus extends the four lesser toes, but 
its strength is best obtained while carrying out the movement of 
dorsiflexion, with the foot in slight abduction. 

The extensor hallucis longus extends the great toe, but its 
strength is best obtained in dorsiflexion. Its tendon may some- 
times be confused with that of the tibialis anterior, unless it is 
traced to its insertion on the toe. 

The ^eat toe and the next three toes can sometimes be ex- 
tended, in the absence of the long toe extensors, by the extensor 
digitorum brevis. Inability to identify motion of the tendons of 
the long extensors where they cross the ankle joint, accompanied 
by loss of dorsiflexion power, will justify the examiner in attribut- 
ing extension power in these four toes to the extensor digitorum 
brevis or to the interossei. 
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Deformity which results from weakness of this group — calcaneus 
— the weight coming heavily on the heel in walking. 

Exercise to be avoided — dorsifiexion. 

)orsiflexion (bending the ankle up). — ^Tibialis anterior. Extensor 
hallucis longus. Extensor diptorum longus. Peroneus tertius. 

Examination. — 

1. Sitting with lower leg hanging over the edge of the table. 

Fair muscles should bend the ankle up to a right angle, if not 
prevented by a short heel cord. 

Good muscles should do this against downward pressure on the 
top of the foot. (Even strength in the four muscles will result in 
the foot being brought up straight, but in case of unequal 
one side of the foot may be raised higher than the other or nela 
more firmly in that position when resistance is given.) 

2. Lying on the affected side. 

Poor muscles should bend the ankle up. 

Exercises. — For fair and good muscles. 

1. Sitting on the edge of the table, patient bends the ankle up J 
dorsifiexion. Instructor should guide the foot straight, if it ten 
to turn out or in during the movement. 

For POOR muscles. 

2. Affected side lying, patient bends the ankle up in dorsifiexion. 

3. Back lying, the same exercise. . j 

4. Prone lying, mth the lower leg held vertical and the foot pointea 
in the air, patient bends the ankle in dorsifiexion, pulling the toes 
down toward the table. 

Deformity resulting from weakness of this group — foot drop. 
Exercise to be avoided — ^plantar flexion. 

INVERSION 

Tibialis anterior Tibialis posterior 

Extensor hallucis longus Flexor hallucis longus 

Examination. — For fair and good muscles. 

(The lower leg should be held to prevent rotation.) , 

1. Lying on affected side, patient lifts the forefoot from the table 
while keeping the heel on the table. 

For POOR muscles. 

2. Sitting on the edge of the table, patient turns the foot in. 
Exf.rcisf-S. — For pair or good muscles. 

1. Lying on aff^ted side, patient lifts the forefoot from the table. 

2. Sitting on the edge of the table, patient turns the foot in against 
resistance. 



Muscle Training 


Chapter 8 I CC 
Voloae llJ 


For POOR muscles. 

3. Ljing on the back, patient turns the foot in. 

4. Prone lying, with the foot off the end of the table, patient turns 
the foot in. 

Deformity which results from weakness of this group — valgus 
(foot is displaced outward). 

Exercise to be avoided — ewrsion. 

EVERSION 

Peroneus longus, brevis, tertius Extensor digitorum longus 

Examination and Exercises. — 

1. Sitting or lying, patient turns the foot out. 

The strength of the movement and the amount of resistance over- 
come determine the grading. 

Deformity which results from weakness of this group — varus 
(foot is turned in). 

Exercise to be avoided — inversion. 

Since these muscles take part in more than one movement of 
the fool or toes, and it is not uncommon for one muscle to be 
weaker than the others of its group, It is customary to estimate 
their strength separately, as well as testing the group as a whole. 

The tibialis anterior is a dorsal fle.xor of the foot, as well as an 
invertor. Its tendon is the innermost of the three tendons which 
can be seen and felt, across the front of the ankle joint in a 
normal foot. In carrying out the examination positions and exer- 
cises just described, the larger part of the movement Vidll be 
performed by the tibialis anterior If the foot is pulled up at the 
same time that it is being turned in. 

The tendon of the tibialis posterior can be felt just above and 
behind the internal malleolus, and it can be felt to contract more 
strongly if the foot is pointed down as it is being turned in. 

The extensoi *' '* ’ . t .1 four lesser toes, but 

its strength is ■ ut the movement of 

dorsiflexion, w 

The extensc • great toe, but its 

strength is best obtained in dorsiflexion. Its tendon may some- 
times be confused with that of the tibialis anterior, unless it is 
traced to its insertion on the toe. 

The great toe and the next three toes can sometimes be ex- 
tended, in the absence of the long toe extensors, by the extensor 
digitorum brevis. Inability to identify motion of the tendons of 
the long extensors where they cross the ankle joint, accompanied 
by loss of dorsiflexion power, will justify the examiner in aUribul- 
ing extension power in these four toes to the extensor digitorum 
brevis or to the interossei. 
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Dcjormity which results from weakness of this group — calcaneus 
— the weight coming heavily on the heel in walking. 

Exercise to be avoided — dorsiflexion. 

Dorsifiexion (bending the ankle up). — ^Tibialis anterior. Extensor 
hallucis longus. Extensor digitorum longus. Peroneus tertius. 

Exajiination. — 

1. Sitting wth lower leg hanging over the edge of the table. 

Fair muscles should bend the ankle up to a right angle, if not 
prevented by a short heel cord. 

Good muscles should do this against downward pressure on the 
top of the foot. (Even strength in the four muscles will result in 
the foot being brought up straight, but in case of unequal 
one side of the foot may be raised higher than the other or held 
more firmly in that position when resistance is given.) 

2, Lying on the affected side. 

Poor muscles should bend the ankle up. 

Exercises. — For fair and good muscles, 

j. Silting on the edge of the table, patient bends the ankle up w 
dorsiflexion. Instructor should guide the foot straight, if it tcntls 
to turn out or in during the movement. 

For POOR muscles. 

2. Affected side lying, patient bends the ankle up in dorsiflexion. 
j. Back lying, the same exercise. . 

4. Prone lying, with the lower leg held vertical and the foot pointed 
5 n the air, patient bends the ankle in dorsiflexion, pulling the toes 
down toward the table. 

Dejonnity resulting from weakness of this group — foot drop. 
Exercise to be avoided — plantar flexion. 

INVERSION 

Tibialis anterior Tibialis posterior 

Extensor nallucis longus Flexor hallucis longus 

GOOD muscles. 

-.1* ue held to prevent rotation.) 

s on aifected side, patient lifts the forefoot from the UWe 

while keeping the heel on the table. 

For POOR muscles. 

a. Sitting on the edge of the table, patient turns the foot in. 

Exercises. — For pair or good muscles. 

* • affected side, patient lifts the forefoot from the table. 

2. Sitting on the edge of the tabic, patient turns the fool in against 
resistance. 
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2 . Side lying position, with hips passively flexed, attempt to b, 
head down to knees. Assistance may be given to lessen frictior 
table by placing the examiner’s hand under the patient’s shouU 

3 . Back lying, abdominal retraction. Flattening should not be 
tained by elevation of the chest. 



Fjc. ^5 —Test lor “normal” anterior abdominal muscles 


4- Back lying, forcible exhalation of a deep breath, as in attempt 
to blow up a balloon. 

5- U’sing hip flexors, back lying, flex hips and draw knees up 
chest, attempting to raise hips from table. 

Lateral Flexion. — Obliquus externus and internus. Quadratus It 
borum. Rectus abdominis. Erector spinae. Latissimus dorsi 
side to which lateral movement takes place. 

Exaxiination — 

1. Lying on the opposite side with legs and pelvis held down fin 
by the examiner, the patient raises head and shoulders from 
table. A fixed scoliosis will make this test of little value. 

2 . Back lying, trunk flexion to side, pelvis held fixed. 

3- Back or prone lying, patient attempts to draw hip tow’ard ribf 
the same side wthout flering hip or knee. It is sometimes possi 
to distinguish the difference in strength between the quadra 
lumborum and the lateral abdominal muscles in this test. 
Exercises.^ — S ame as above. 
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FLEXION 


Toes^Flexor hallucis longus — distal phalanx oJ the great toe. Flexor 
digitorum longus — distal phalanges of four lesser toes. Flexor 
hallucis brevis — first phalanx of great toe. Abductor and adductor 
hallucis — first phalanx of great toe. Lumbricales and interossei— 
first phalanges of four lesser toes. Flexor digitorum brevis— 
middle phalanges of four lesser toes. 

Examination and Exercise. — 

I. Sitting or lying, patient curls the toes under, bending all three 
joints to insure action of all the muscles mentioned. The amount 
of strength can be judged by placing a finger across under the 
toes and offering resistance at the different joints. It is not un- 
common to find that the middle and terminal joints can be flexed 
by long flexors, without any bending of the first joints; or 
the first joints may bend without any curling of the ends. 

Trunk.—Rectus abdominis. Quadratus lumborum. Obllquus externus 
and tnternus. 


Examination. — 

I. Lying on back, feet held down, patient raises head and shoulders, 
coming to a silting position. This should be 
possible for a normal child, with the hands on top of his head, 
out may not be possible for an adult of poor general muscular 
tone unless assistance is given. In a child, the anterior abdominal 
muscles may be rated fair if shoulders can be raised from table; 
GOOD if he can come to sitting position wth arms folded on chest. 

ood anterior neck muscles are required to raise the head in this 
test, and their severe weakness, allowing the head to hang a dead 
w'eigftt, sometimes makes it difficult to judge the strength of 
!5,mf ® ♦ abdominal muscles. The last part of the movement of 
tiiA sitting position is accomplished by flexion of 

-trftnn thighs by the hip flexors. Strong hip flexor 

nAlvfc -in abdominal muscles will result in fle-xing the 

lumbar spine without trunk raising, or m 
fn position with the lumbar spine first fixed 

2 Lvin?on erector spinae muscles. 

' fSsthdr firmness abdominal muscles, while examiner 

Exercises.-— 

'■ Ss‘’'4 "’ilh assistance, mlh 

incceLftherfV or on top ot bead, to 

make easier 7' f™"’ halMying position to 

The head and ,h„r "a 
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humerus starting from the hanging position is advanced forward, 
flexed, to the horizontal line, and thence it is elevated to the vertical 
position; on the return journey the humerus is depressed through i8o 
degrees to the hanging position, and then it can be carried backward 
“hyperextended.” In the lateral plane, the hanging humerus can be 
abducted to the horizontal line and thence elevated to the vertical 
position, and on the return journey it is adducted through i8o degrees 
to the hanging position. In the horizontal plane, the humerus is hori- 
zontally adducted when it is moved from the lateral plane toward the 
middle line and horizontally abducted when away from the middle 
line to the lateral plane, behind which it is horizontally retracted. 
Besides these movements there is rotation in and out. 

In “flexing” the humerus, the anterior fibers of the deltoid, the 
clavicular fibers of the pectoralls major, the biceps^ and probably the 
coracobrachialis contract and carry the humerus forward nearly to the 
horizontal line. This action of the deltoid tends to rotate the scapula 
with the acromion downward, and to push its inferior angle backward 
and toward the spinal column, but this is prevented by the contraction 
of the acromion (middle) fibers of the trapezius and also the lower 
fibers. The deltoid and other muscles cannot cotry the humerus iurtber 
than the horizontal line. Beyond this point the serraius magnus comes 
to thefr assistance and draws the lower end of the scapula forward, 
raises the acromion with the humerus, and thus the arm is elevated to 
the vertical. 

In a case with paralyzed lower and middle trapezius, and normal 
serratus, on telling the patient to advance the arm slowly, the first 
action oa the scapula was to rotate it so that the inferior angle moved 
half an inch toward the vertebral column, and the posterior border of 
the scapula projected like a wing; this projection reached its maximum 
when the humerus w’as advanced through about 45 degrees. Then the 
serratus contracted, and as it drew the lower end of the scapula for- 
ward the deformity diminished and finally disappeared. Though the 
serratus is mechanically in the position to fix the scapula and prevent 
its lower angle being pushed backward and rotated lorvard the spine, 
it is not its function when the movement is one of advancing the 
shoulder to act on the scapula until the humerus has been moved by 
the deltoid through about 45 degrees. The inferior part of the trapezius 
apparently is the proper muscle to fix the scapula in advancing the 
humerus, and when these inferior fibers are paralyzed, the serratus 
will not step into the breach and do the work for the trapezius, which 
consequently is not done at aV. 

The above description of advancing the humerus applies equally 
lo movement of “abduction” of the humerus, except that the 
part of the deltoid, and the supraspinatus abduct the humerus, 
and the pectoralis major does not act, but the same condition is met 
wjth in regard to movements of the scapula and its relation to the 
trapezius and serratus, as in flexing the humerus. 



EQ rchapter 8 
UO Ivolume II 


Infantile Paralysis 


EXTENSION 

Erector spinae group 

Examination. — Prone lying, trunk raising. Accompanied by tight- 
ening of hip extensors and trapezius, head raising and scapulae 
adduction. 

Exercises. — • 

1. Prone lying, legs held down, trunk raising. May be done wth 
hands clasped behind back, at hips, at shoulders, or behind neck, 
to increase difficulty. 

2. Side lying, starting from curled-up position, straightening of head 
and trunk. 

3. Sitting with trunk bent forward, patient comes to erect position. 

4. Sitting in erect position, patient lowers trunk forward from hips 
without bending spine, and then returns to erect position. 

N eck. — Sternocleidomastoids. 

Examination,— 

1. Back lying, shoulders held down, head raising from table. These 
muscles acting together should be able to hold the head m the 
raised position against considerable pressure, if normal. ^ 

2. To test them separately, lying on back, patient turns face to right 
side against resistance at point of chin, as test for left muscle. 

Exercises. — 

1 and 2. Same as above. , . . 

3. Lying on back, patient bends head toward shoulder of side it is 
desired to exercise. 

4. Lying on side, patient bends head forward. 

As it is not possible to observe or feel the action of the deeper 
neck muscles, no attempt is made to describe their action. In 
general, whatever function is weak should be given as an exercise. 

The platysma is frequently seen standing out in a broad shee 
when the attempt is made to raise the head with weak 
cleidomastoid muscles. The cervical spine and the head are fixe 
by the extensor muscles, and the attempt is made to raise t ^ 
head by raising the trunk with the abdominal muscles in many 
cases of weakness of the anterior neck muscles. 

Shoulder Movements * 

The movements of the humerus are best described in terms of the 

planes corresponding to the three dimensions of space, viz., antero- 
posterior, laterovertical, horizontal. In the anteroposterior plane, me 

, “MuscuUr MovemcDts and Thrir Repre**"'*' 

lion m the Central Ner\ou« S>stem," by Charles Beevor 
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Extension of Humerus (bringing arm down from flexion). — Pecto- 
ralis major (sternal part). Latissimus. Teres major and minor. 
Infraspinatus. Triceps, long head. Subscapularis (probably). 

Hyperextension (carrying arm back of body). — Latissimus. Teres 
major and minor. Infraspinatus. Deltoid (posterior part). 

Scapula fixed as in adduction. 

Horizontal Adduction of Humerus (starting from position of abduc- 
tion, bringing arm forward at shoulder level). — Pectoralis major 
(both parts). Anterior deltoid. Coracobrachialis. 

Horizontal Abduction of Humerus (carrying arm back at shoulder 
, level). — Posterior and middle deltoid. Latissimus. Teres major 
and minor. Infraspinatus. 

Scapula adducted and fixed by trapezius (middle). 


External Rotation of Humerus. — Teres mino;. Infraspinatus. PoS' 
terior part of deltoid. 

Internal Rotation. — Pectoralis major. Teres major. Latissimus. Sub- 
scapularis. Anterior portion of deltoid. 


Elevation of Shoulder (shrugging). — Upper part of trapezius. 
Rhomboids. Levator anguli scapulae. 


Depression of Shoulder. — Lower part of trapezius. Pectoralis minor. 
Latissimus dorsi. Subclavius. 


Since each shoulder muscle takes part in several movements, 
it is necessary to know which of these movements is performed 
mainly by the muscle wc desire to test, and often it is necessary 
to know the strength of the assisting muscles, before forming our 
opinion by a process of elimination. Some of the shoulder and arm* 
muscles have to be graded by observation of the strength of the 
action rather than by gravity tests. 


Trapezius. — May he considered in four parts: 

1. Clavicular! 

2. Acromial 

3- Middle — horizontal fibers 
4. Lower 


It is very difficult to separate the action of the upper two portions, 
unless there Is marked difference in strength. In most cases the 
acromial and clavicular portions may be considered together as the 
upper.” 

Clavicular — extension of head, rotation of head to opposite side flex- 
ion of head to same side, elevation of shoulder. ’ 
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In paralysis of the trapezius, the inferior angle of the scapula in 
the first part of the movement of abduction moves more toward the 
spine and does not project so much backward as in flexing the humerus. 
Normally, In advancing the arm, the scapula hardly moves at all until 
the humeras makes an angle of about 45 degrees, and then the inferior 
angle begins to move outward by the commencing action of the ser- 
ratus, and when the humerus is horizontal, the angle with the scapula 
remains constant, and the eIe\Tition of the humerus to vetdcal is 
completed by the serratus. If, however, the deltoid be paralyzed or the 
shoulder be ankylosed, the serratus begins to act at once and the 
scapula moves outward at once. 

pr^i^ction or winging of the scapula may be caused by paralysis 
of the trapezius and especially of its lower fibers, as well as by 
paralysis of the serratus. The difference is that the deformity due to 
absence of the trapezius is less than that of the serratus, the scapula 
projecting only one>half to one inch, that the projection reaches its 
maximum when the humerus is advanced through about 45 degrees, 
after which the deformity diminishes and disappears when the humerus 
IS horizontal, and that the humerus can be raised to vertical. With 
serratus paralysis, the deformity increases as the arm is advanced and 
reaches its maximum when the humerus is horizontal, above which 
there IS no muscular power to raise it. In serratus paralysis, the scapula 
can be displaced backward by pushing against the advanced arm. 


Flexion (raising arm forward).— Anterior deltoid. Coracobrachialis, 
biceps. Clavicular part of pectoralis major. 

1. During the first part of flexion, the lower, middle, and acromial 
portions of the trapezius contract to fix the scapula and prevent 

<fisplaced backward; when the humerus approaches to 
tne horizonul line, the serratus roagnus rotates the scapula up* 
ward, and the humerus is carried on up to vertical by this rotation. 

2. of humerus to horizontal, in laterovertical plane, 

biarted by supraspinatus; at 10 or 35 degrees the anterior and 
S theTbSps begin to act, aided by the long head 

.horizontal line, muscle action is the same as in 
HeMon above horizontal. 


"> side)._Pectorali5 major, sternal and 
Inf’rnmrn-.tnf P dorsi Teres major and minor, 

Infraspraatus. Posterior part of deitoid. Subscapularis (prob- 


The scapula Is fixed during 
pectoralis minor, and lower 


movement of the arm 
part of trapezius. 


by rhomboids, 
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Extension of Humerus (bringing arm down from flexion). — Pecto- 
ralis major (sternal part). Latissimus. Teres major and minor. 
Infraspinatus Triceps, long head. Subscapularis (probably). 

Hyperextension (carrying arm back of body). — Latissimus. Teres 
major and minor. Infraspinatus. Deltoid (posterior part). 

Scapula fi.xed as in adduction. 

Horizontal Adduction of Humerus (starting from position of abduc- 
tion, bringing arm forward at shoulder level). — Pectoralis major 
(both parts). Anterior deltoid. Coracobrachialis. 

Horizontal Abduction of Humerus (carrying arm back at shoulder 
level). — Posterior and middle deltoid. Latissimus Teres major 
and minor. Infraspinatus. 

Scapula adducted and fixed by trapezius (middle). 

External Rotation of Humerus. — Teres minor. Infraspinatus. Pos- 
terior part of deltoid. 

Internal Rotation. — Pectoralis major Teres major. Latissimus. Sub- 
scapularis, Anterior portion of deltoid. 

Elevation of Shoulder (shrugging). — Upper part of trapezius. 
Rhomboids. Levator anguli scapulae. 

Depression of Shoulder, — Lower part of trapezius. Pectoralis minor. 
Latissimus dorsi, Subclavius. 

Since each shoulder muscle takes part in several movements, 
it is necessary to know which of these movements is performed 
mainly by the muscle we desire to test, and often it is necessary 
to know the strength of the assisting muscles, before forming our 
opinion by a process of elimination. Some of the shoulder and arm- 
muscles have to be graded by observation of the strength of the 
action rather than by gravity tests. 

Trapezius. — May be considered in four parts: 

1. Clavicular \ 

2 . Acromial 

3- Middle — ^horizontal fibers 
4 Lower 

It is very difficult to separate the action of the upper two portions, 
unless there is marked difference in strength In most cases the 
acromial and clavicular portions may be considered together as the 
upper.” 

Clavicular — extension of head, rotation of head to opposite side flex- 
ion of head to same side, elevation of shoulder. ' 
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— rotates acromion process upward, elevates scapula. 
Mtdale — fixes and adducts scapula in horizontal abduction of 
humerus. 

Lower — (a) fixes scapula during flexion or abduction of humerus; 

paralysis is shown by displacement of inferior angle 
of scapula toward vertebrae at the start of these 
movements; also by winging of vertebral border of 
scapula; (b) fixes scapula during adduction or de- 
pression of humerus, acting with rhomboids and pec- 
toralis minor. 

To determine trapezius strength, test head extension, elevation of 
shoulder, scapulae adduction; watch position of inferior angle of 
scapula during abduction of humerus, and watch for contraction of 
the middle and lower fibers during the exercise of trunk raising from 
the prone position. 


Serratus Magnus. — (a) Draws the scapula forward around the chest, 
(b) Rotates the scapula upward, bringing the lower angle out- 
ward. 

Examination.— 

1. Patient sitting with the arm in abduction at shoulder level. 
oooD muscle should rotate the scapula so that the arm is raised 
to vertical. (The weight of the arm may be supported by the 
examiner if the deltoid is. not strong enough to hold it.) 

2. bitting wim the arm at shoulder level, the patient should reach 
lorward. The examiner should steady the patients body with 

Srasp the outstretched arm above the elbow with the 
I pushing the humerus, try to displace the 

xv‘^Fh If the serratus magnus is weak, the scapula 

will oe displaced so that its vertebral border approaches the spine. 

Exercises.- — 

vertkal*^^ movement of the arm from shoulder level to 

verticq? flexion of the arm from the side 
if the scapula is*' noffae*' trapezius, 


fa>"patient trith the arm hanging over the edge of the table. 

b) m en 3 ''T" '» ‘Hr ‘o toueh the floor. 

(u; patient tnay smng the arm 
table above his head. ^ 

Movement.— Abduction of arm. 

MusctE. Deltoid, anterior portion. 
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Examination.— 

1. Patient sitting, with the scapula held down firmly by the examiner 
to exclude its rotation, with the resultant raising of the humerus. 
Fair muscles should raise the arm to shoulder level at the side. 
To exclude the biceps as much as possible from assisting in the 
movement, the arm should be raised wth the elbow passively 
flexed, forearm hanging, or with the elbow straight, and the palm 
down. 

Good muscles should raise the arm to the side against doivnward 
pressure given above the elbow. 

2. Patient lying on his back., with the scapula held do\vn by the 
examiner. 

Poor muscles should perform all or part of the movement of 
abduction from the side to shoulder level. 

Exercises. — ^F or fair or good muscles. 

1. Sitting, with the scapula held down, patient raises arm from 
the side to shoulder height. 

2. Lying on the opposite side, patient raises the upper arm to shoul- 
der level. Scapula should be kept from rotating. 

For poor muscle. 

3. Lying on the back, scapula held, patient moves the atm from 
the side to shoulder level. 

4. Lying on the back, free movement of the arm from the side to 
shoulder level and above to the ear. 

In any movement of abduction of the arm during which the scapula 
is not prevented from rotating, the action will not be localized in the 
deltoid. Instead, the movement will be a combined exercise in which 
the upward rotators of the scapula also take part and do most of the 
work if they are stronger than the deltoid. 

Muscle. — ^Deltoid, posterior portion. Horizontal abduction. 
EXAillNATlON.— 

1. Patient lies face down, with the arm stretched out in abduction 
at the shoulder level. 

Fair muscle should raise the arm from the table. 

Good muscle should raise the arm against resistance. 

Normally, the scapula is adducted toward the spine at the same 
time by the middle portion of the trapezius and the rhomboids. 
If the arm is raised by the posterior deltoid without this adduc- 
tion of the scapula, these muscles are weak. On the other hand 
the scapula adduction may take place when the posterior deltoid 
IS too weak to lift the arm. 

2. Poor muscle should be seen to act when the patient abducts his 
arm from his side to the level of the shoulders. In this position 
the posterior deltoid works to overcome the friction of the table’ 
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Acromial — rotates acromion process upward, elevates scapula. 
Middle — ^fixes and adducts scapula in horizontal abduction of 
humerus. 

Lower — (a) fixes scapula during flemon or abduction of humerus; 

paralysis is shomj by displacement of inferior angle 
of scapula toward vertebrae at the start of these 
movements; also by winging of vertebral border of 
scapula; (b) fixes scapula during adduction or de- 
pression of humerus, acting with rhomboids and pec- 
toralis minor. 

To determine trapezius strength, test head extension, elevation of 
shoulder, scapulae adduction; watch position of inferior an^e of 
scapula, during abduction of humerus, and watch for contraction of 
the middle and lower fibers during the exercise of trunk raising from 
the prone position. 

Serratus Magnus.— (a) Draws the scapula forward around the chest, 
(b) Rotates the scapula upward, bringing the lower angle out- 
ward. 


Examination. — 

1. Patient sitting \rith the aim in abduction at shoulder level. 
Good muscle should rotate the scapula so that the arm is raisM 
to verticah (The weight of the arm may be supported by th® 
waminer if the deltoid is. not strong enough to hold it.) 

2. Sitting with the arm at shoulder level, the patient should reach 
forward. The examiner should steady the patient's body 'rith 
one hand, grasp the outstretched arm above the elbow m’th the 
other hand and, by pushing the humerus, try to displace the 
scapula backward. If the serralus magnus is weak, the scapula 
will be displaced so that Us vertebral border approaches the spine. 

Exercises. — 


1. Sitting or lying, movement of the arm from shoulder level tu 
vertical. 

2, Sitting or lying, abduction or flexion of the arm from the side 
to vertical will faring in the action of the serratus and trapezius, 
if the scapula is not fixed. 

■'“"S'ng oves tlie edge of the table. 
i> \ “y “> •““'th the floor, 

uWe abo™ hTheaT® "" 


Movement. — Abduction of arm. 
Muscle.— Deltoid, anterior poition. 



Shoulder Movements voium"ii] 65 

although the middle portion of the muscle has more to do with 
abducting the arm. 

Exercises. — 

1. Fair or good muscle should perform the same movement used in 
examination position No. i. 

2. Poor muscle should perform the movement used in examination 
position No. 2. 

3. Poor muscle, sitting with the arm stretched out in front of his 
face, resting on a table at the height of his shoulders, patient 
moves the arm back until it is in line with his shoulders at the 
side — horizontal abduction. 

Muscle. — L atissimus dorsi, hyperextension with internal rotation. 
Exauin ation . — 

1, Lying face down. 

Fair muscle should raise the arm from the table, keeping it close 
to the side and inwardly rotated. 

Good muscle should perform the above movement against resist- 
ance 

2. Poor muscle should adduct the arm to the side from a starting 
position of abduction at shoulder level. 

Exercises. — 

1. For FAIR and good muscles] The same movement 

as described in 

2. For POOR muscles J the examination. 

Muscle. — P ectoralis major. 

Examination. — 

1. Patient lies on his back, arm out at shoulder level. 

Fair muscle should raise the arm to vertical above the face, in 
movement of horizontal adduction. Both sternal and clavicular 
portions act in this 

Good muscle should perform the above movement against resist- 
ance. 

2. Poop, muscle brings arm to side from shoulder level — adduction 
movement. 

3- Lying or sitting, if the other muscles are strong enough to raise 
the arm forward in flexion, the clavicular part of the pectoralis 
major may be made to stand out by resisting the movement of 
flexion, and the sternal part by resisting the movement of exten- 
sion. 

Exercises. — 

1. For FAIR or good muscle, use movement described in examination 

2. i-or POOR muscle, use movement described in examination. 




3 Finish o( exercise for “pcMit” deltoid muscle (anterior half). Notice that the 
scapula is being beid 




Shoulder Movements 


Chapter 8 
Volume II 


] 65 


although the middle portion of the muscle has more to do with 
abducting the arm. 

Exercises. — 

1. Fair or coon muscle should perform the same movement used in 
examination position No. i. 

2 . Poor muscle should perform the movement used in examination 
position No. 2. 

3. Poor muscle, sitting with the arm stretched out in front of his 
face, resting on a table at the height of his shoulders, patient 
moves the arm back until it is in line with his shoulders at the 
side — horizontal abduction. 

Muscle. — L atissimus dorsi, hyperextension \vith internal rotation. 

Examination. — 

1. Lying face do^vn 

Fair muscle should raise the arm from the table, keeping it close 
to the side and inwardly rotated. 

Good muscle should perform the above movement against resist- 
ance. 

2. Poor muscle should adduct the arm to the side from a starting 
position of abduction at shoulder level. 

Exercises. — 

1. For FAIR and good muscles 1 The same movement 

I* as described in 

2 . For POOR muscles J the examination. 

Muscle. — P ectoralis major. 

Examination. — 

T. Patient lies on his back, arm out at shoulder level. 

Fair muscle should raise the arm to vertical above the face, in 
movement of horizontal adduction. Both sternal and clavicular 
portions act in this. 

Good muscle should perform the above movement against resist- 
ance. 

2. Poop, muscle brings arm to side from shoulder level — adduction 
movement. 

3 - Lying or sitting, if the other muscles are strong enough to raise 
the arm forward in flexion, the clavicular part of the pectoralis 
major may be made to stand out by resisting the movement of 
flexion, and the sternal part by resisting the movement of exten* 
sion. 

Exercises. — 

J- For FAIR or good muscle, use movement described in examination 

2. For POOR muscle, use movement described in examination. 



66 


Infantile Paralysis 


3. For POOR muscle, sitting with his arm resting on a table at shoul- 
der height, out in position of abduction, patient brings the arm 
forward in horizontal adduction. 


Movement. — Outward rotation. 

Muscles. — Teres minor. Infraspinatus. Deltoid, posterior part. 

Examination. — 

1. Lying face down, with the upper arm out at shoulder level and 
the forearm hanging over the edge of the table, with the elbow 
bent at a right angle. 

Fair muscles should rotate the upper arm outward, thus raising 
the hand and forearm above the level of the table. 

Good muscles can hold the arm in this position against down- 
ward pressure on the forearm. 

2. Lying on the back, with arm at the side. .. 

Poor muscles should turn the arm outward at the shoulder, roil- 
ing the elbow back. The elbow must be watched to make sure 
that the upper arm turns as well as the hand and forearm. 

Exercises. — For fair or good muscles. 

1. Use position described in examination of these muscles. 

2. Silting with the upper arm and forearm supported at shouiaw 
level, elbow flexed to a right angle, arm in abduction, patien 
raises forearm, thus performing outward rotation at the shouide • 
For POOR muscles. 

3. Use position and movement described in examination of poor 
muscles. 

4. Lying face down with the whole arm hanging over the edge ^ ^ 
table, elbow straight, patient turns the whole arm outward. 


Arm and Hand Movements 
Movement.— Elbow flexion. 

Muscles. — B iceps. Brachialis. Brachioradialis. Pronator teres. 

Flexors of the wrist. Flexor digitorum sublimis. 

EXAillNATION. — 

1. Patient sits with the arm hanging at the side. .. 

Fair muscles should raise the forearm so that the hand touch 
the shoulder. 

G(Wd muscles raise the forearm against resistance. 

2. Patient sus with the whole arm supported on a table, elbo 

straight, hand resting on the fifth fmger. , ^ 

Poor muscles bend the elbow without raising the forearm fro^^ 
the table. 
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The biceps is the strongest flexor and acts with the palm turned 
toward the patient’s face—thal is, with the forearm in supination. 
Inability to flex the elbow with the forearm in this position indicates 
weakness of the biceps, and exercises should be directed toward its 
development, since the other elbow flexors cannot make up for its 
loss. 

Exercises. — For fair and good muscles. 

1. Patient sitting, wth his arm hanging, touches his fingers to his 
shoulder. 

For POOR muscles. 

2. Sitting wth the entire arm supported on the table at shoulder 
height, elbow straight, hand resting on the fifth finger, patient 
bends the elbow, drawing the forearm along the table. 

3. Lying on the back with the entire arm supported vertically in 
the air, patient bends the elbow, pulling the hand do%vn toward 
the face with the aid of gravity, against the resistance of the 
examiner’s supporting hand. The upper arm must be held vertical 
by mother throughout. 

Movement, — Elbow extension. 

Muscles. — Triceps, Anconeus. 

Examination. — 

1. Lying on the back, or sitting erect, with the upper arm held 
vertical, the elbow flexed and the forearm hanging. 

Fair muscles should straighten the elbow, raising the forearm to 
vertical. 

Good muscles should raise the forearm in this position against 
some downward pressure from the examiner. 

2. Lying on the back, or sitting, with the entire arm resting flat on 
the table, elbow bent. 

Poor muscles should perform at least part of the movement of 
straightening the elbow. 

Exercises. — For fair and good muscles. 

1. Patient straightens his elbow in the same position used for grad- 
ing these muscles. 

For POOR muscles 

2. With the arm and forearm resting on a table, patient attempts to 
straighten the bent elbow. 

3 - Silling, hand touching shoulder, patient pushes his forearm down. 
Ward against sufficient resistance to neutralize the weight of the 
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3. For POOR muscle, sitting with his arm resting on a table at shoul- 
der height, out in position of abduction, patient brings the arm 
forward in horizontal adducUon. 

Movement. — Outward rotation. 

Muscles. — Teres minor. Infraspinatus. Deltoid, posterior part. 
Examination. — 

1. Lying face down, with the upper arm out at shoulder level and 
the forearm hanging over the edge of the table, with the elbow 
bent at a right angle. 

Fair muscles should rotate the upper arm outward, thus raising 
the hand and forearm above the level of the table. 

Good muscles can hold the arm in this position against down- 
ward pressure on the forearm. 

2. Lying on the back, wth arm at the side. 

Poor muscles should turn the arm outward at the shoulder, roll- 
ing the elbow back. The elbow must be watched to make sure 
that the upper arm turns as well as the hand and forearm. 

Exercises. — For fair or good muscles. 

1. Use position described in examination of these muscles. 

2. Sitting with the upper arm and forearm supported at shoulder 
level, elbow flexed to a right angle, arm in abduction, patient 
raises forearm, thus performing outward rotation at the shoulder. 
For POOR muscles. 

3. Use position and movement described in examination of poor 
muscles. 

4. Lying face down with the whole arm hanging over the edge of t 0 
table, elbow straight, patient turns the whole arm outward. 


Arm and Hand Movements 
Movement.— Elbow flexion. 

Mingles.— B iceps. Brachialis. Brachioradialis. Pronator teres. 

Flexors of the wrist. Flexor digitorum sublimis. 

Examination. — 

1. Patient sits with the arm hanging at the side. 

Fair muscles should raise the forearm so that the hand touches 
the shoulder. 

Good muscles raise the forearm against resistance. 

2. Palicnt sits with the whole arm supported on a table, elbow 
straight, hand resting on the fifth finger. 

elbow without raising the forearm from 
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EXAillNATION. — 

1. Patient sitting with the palm of the hand resting on the table. 
Fair extensors should raise the hand from the table. 

Good muscles would overcome resistance as well. 

The lingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
POOR extensors should bend the wrist back in extension. 

Exercises. — ^These are given in the same positions as in the exam- 
ination. 

Movement. — ^Wrist abduction. 

Muscles. — Flexor and extensor carpi radialis. Extensors of the 
thumb. 

Exaiiination and Exercise. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 


Movement, — ^Wrist adduction. 

JIuscles. — F lexor and extensor carp! ulnaris. 

Examination and Exercise. — Patient bends the ivrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used ^iefly when inequality exists between the radial and 
ulnar muscles. 

Movement. — Finger extension. 

IvIuscLES — Extensor digitorum communis, extends the proximal 
phalanges. 

Examination and Exercise.— Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 

Movement. — Finger extension. 


Muscles, — I nterossci and lumbricales, extend the second and third 
phalanges. 

Examination. — P atient extends the middle and end joints of the 
fingers, either alone or agmnst resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment. If the first phalanges are held passively flexed, the extensor 
diptorum communis can extend the second and third phalanees 
Without the interossei and lumbricales. ° 
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Muscles. — Biceps. Supinator brevis. Brachiora'dialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm turned down, patient turns the forearm, 
palm up. 

Resistance to the movement may be given by grasping the fore- 
arm just above the wrist. 


Movement. — Pronation of forearm. 

Muscles. — Pronator radii teres. Pronator quadratus. Flexor carpi 
radialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm up, patient turns the forearm, palm down. Re- 
sistance as for supination. 

Movement. — ^Wrist flexion. 

Muscles. — Flexor carpi radialis. Palmaris longus. Flexor carpi 
ulnaris. Long flexors of the fingers and thumb, 

Examination. — 

1. Patient sitting mth the back of the hand resting on the table. 
Fair flexors should bend the wrist, palm up, raising the hand 
against gravity. 

Good muscles would overcome resistance as well. 

The fingers should be relaxed to localize the action in the other 
muscles. 

2. Sitting with the ulnar side of the forearm and hand resting on the 
mble, midway between pronation and supination. 

Poor flexors should bend the wrist, gravity being eliminates 
It will be necessary for the examiner to feel the different tendons 
to know what part each muscle is taking in the movement. 

ExERciSEs^^For good, fair or poor flexors. 

I and 2. These are given in the same positions as the test Nos. 
I and 2. 

3. For POOR muscles, with the forearm resting on the table in prona- 
tion, hand extending over the table edge, patient bends the wrist 
dmvnward against enough resistance to neutralize the weight of 
the hand. 


Movement. — Wrist extension. 


Muscles. — Extensor 
carpi ulnaris. Long 


carpi radialis longus and brevis. Extensor 
extensors of fingers and thumb. 
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EXAillNATION. — 

1. Patient sitting with the palm of the hand resting on the table. 
Faik extensors should raise the hand from the table. 

Good muscles would overcome resistance as well. 

The fingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
POOR extensors should bend the wrist back in e.xtension. 

Exercises. — ^These are given in the same positions as in the exam- 
ination. 

Movement. — ^Wrist abduction. 

Muscles. — Flexor and extensor carpi radialis. Extensors of the 
thumb. 

ExAiiiNATiON AND EXERCISE. — ^Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 

Movement. — ^Wrist adduction. 

JIuscLES. — Flexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wTist toward the 
ulnar side, without moving forearm. These lateral movements 
are used (Aiefly when inequality exists between the radial and 
ulnar muscles. 


Movement. — Finger extension. 

Muscles. — Extensor digitotum communis, extends the proximal 
phalanges. 

Examination and Exercise. — Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 

Movement. — Finger extension. 


Muscles. — Interossei and lumbricales, e.xtend the second and third 
phalanges. 

Examination. — Patient extends the middle and end joints of the 
fingers, either alone or against resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment. If the first phalanges are held passively flexed, the extensor 
digitorum communis can extend the second and third Dhalan^p? 
Without the interossei and lumbricales. ® 
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Muscles. — Biceps. Supinator brevis. BrachioraHialis. 

Examination and Exercise. — ^Sitting with the elbow flexed to a 
right angle, palm turned down, patient turns the forearm, 
palm up. 

Resistance to the movement may be given by grasping the fore- 
arm just above the wrist. 

Movement. — Pronation of forearm. 

Muscles. — Pronator radii teres. Pronator quadratus. Flexor carpi 
radialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm up, patient turns the forearm, palm doNvn. Ke- 
sistance as for supination. 

Movement. — Wrist flexion. 

^luscLEs. — Flexor carpi radialis. Palmaris longus. Flexor carpi 
ulnaris. Long flexors of the fingers and thumb. 

Examination. — 

1. Patient sitting wth the back of the hand resting on the table. 
Fair flexors should bend the wrist, palm up, raising the hanfl 
against gravity. 

Good muscles would overcome resistance as well. ^ 

The fingers should be relaxed to localize the action in the olner 
muscles. 

2. Sitting with the ulnar side of the forearm and hand resting on the 
table, midway between pronation and supination. _ 

Poor flexors should bend the wrist, gravity being eliminate^ 

It will be necessary for the examiner to feel the different tendons 
to know what part each muscle is taking in the movement. 

Exercises. — For good, fair or poor flexors. .. 

I and 2. These are given in the same positions as the test Nos. 
X and 2. 

3. For POOR muscles, with the forearm resting on the table in prona* 
tion, hand extending over the table edge, patient bends the 
downward against enough resistance to neutralize the weight ot 
the hand. 

Movement. — Wrist extension. 

Muscles.— Extensor carpi radialis longus and brevis. Extensor 
carpi ulnaris. Long extensors of fingers and thumb. 
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EXAillNATION. — 

1. Patient sitting with the palm of the hand resting on the table. 
Fair extensors should raise the band from the table. 

Good muscles would overcome resistance as well. 

The fingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
POOR extensors should bend the wrist back in extension. 

Exercises. — These are given in the same positions as in the exam- 
ination. 

Movement. — ^Wrist abduction. 

Muscles. — Fle-xor and extensor carpi radialis. Extensors of the 
thumb. 

Examination and Exercise. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 


Movement. — ^Wrist adduction. 

Muscles. — Flexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used chiefly when inequality exists between the radial and 
ulnar muscles. 


Movement.— Finger extension. 

Muscles. — Extensor digitonim communis, extends the proximal 
phalanges. 

Examination and Exercise. — Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 


Movement. — Finger e.xtension. 

Muscles. — Interossei and lumbricales, extend the second and third 
phalanges. 

Examination.— Patient extends the middle and end joints of the 
fingers, either alone or against resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment. If the first phalanges are held passively flexed, the extensor 
digitorum communis can extend the second and third phalanges 
Without the interossei and lumbricales. ^ “ 
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Extensor indicis proprius and extensor digiti quinti proprius 
assist the extensor communis to extend their respective fingers, 
but either may act in the absence of the common extensor. 


Movement. — Finger flexion. 

Muscles. — ^Those of first phalanges, mainly interossei and lum* 
bricales. 

Examination. — Patient should be tested with fingers^ outstretched 
Movement is aided by flexor digitorum sublimis and flexor 
digitorum profundus if fingers are allowed to flex. 

Those of second phalanges, flexor digitorum sublimis and flexor 
digitorum profundus. . 

Those of third phalanges, flexor digitorum profundus. 
Movement. — ^Adduction of fingers, to middle finger. 

Muscles. — Palmar interossei. 

ist palmar interosseus adducts index finger 
2 nd “ “ « fourth “ 

3rd “ “ « fifth “ 

Examination and Exercise. — B e careful to avoid flexing at same 
time. 


Movement.— Abduction of fingers— from an imaginary line dranm 
through the middle finger. 

Muscles. — Dorsal interossei. Abductor digiti minimi. 

1st dorsal interosseus abducts index finger 

** “ moves middle finger toward index finger 

3rd “ “ « « u a fourth “ 

4 th “ « « « cc fifth “ 

Abductor digiti minimi abducts fifth finger. 

Examination and Exercise. — H ave patient spread all fingers 
apart, or each separately, and hold the position. Fingers should 
be kept flat during movement. 

Movement.— Thumb extension. 

pollids longus— first the terminal joint, then 
carpometacarpal. Extensor poll«c«s 
carpometacarpal. Extensor ossis 
P poliicis (abductor longus) — carpometacarpal joint. 

Movement. — Thumb flexion. 

especially Ihe 

exor pollias brevis — metacarpal bone and fir^t 
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phalanx. Opponens poHicis— metacarpal bone. Abductor pollicis 
brevis metacarpal bone. Adductor pollicis — metacarpal bone. 

Examination.— Patient flexes thumb across the palm, keeping 
thumb flat to palm. 

Movement. — Thumb opposition. 

Muscles. — Opponens pollicis. Flexor pollicis bre\-is. Abductor 
pollicis brevis. Adductor pollicis. 

Examination. — 

Patient abducts thumb at right angles to palm, and then approxi- 
mates it to fingers and ulnar side ol hand, keeping a space open 
between the thumb and the palm. 

Atrophy oi both the abductor brevis and opponens pollicis pro- 
duces a general flattening of the thenar eminence. Atrophy mainly 
of the opponens pollicis is shown by a hollow along the metacarpal 
bone on the radial side of the thenar eminence. 

Facial Paralysis and Throat 

The following movements should be tried and practiced as exercises, 
before a mirror if needed. The two sides of the face should be carefully 
compared. In the t-ase of unilateral weakness, there will be more move- 
ment on the stronger side. This will be especially noticeable in laughing 






Respiration 
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and crying, as the mcrulh, cheek and nostril are drawn to that side, 
producing a grotesque expression which the patient may erroneously 
attribute to trouble with the stronger side. 

1. Raise the eyebrows, wrinkling the forehead. 

2. Scowl, drawing the eyebrows together. 

3. Close the eyes. 

4. Open the eyes rvide. 

5. Turn the eyeballs from side to side. 

6. Wrinkle the nose and sniff. 

7. Smile”, notice the corners of the mouth as well as the cheek. 

8. Pucker the lips to whistle. 

9. Open the mouth, dropping the jaw evenly. 

10. Close the mouth wth pressure, as in chewing, 
ij. Move the lower jaw from one side to the other. 

12. Run the tongue out straight. 

13. With the mouth open, notice whether the arch of the soft palate 
is the same on both sides, and whether it is lifted equally when 
the patient says “a-ah.” In addition to sagging on the paralyzed 
side, the uvula may be drawn to the stronger side. 

Any difficulty -with speech, swallom'ng, raising mucus, coughing or 
sneezing should be noted. 


Respiration 

It is difficult to grade the strength of the muscles of respiration, but 
varying degrees of paralysis, which may be unilateral or bilateral, are 
often detected in the after-care of patients who have had acute respira- 
tory involvement in the early stages of the disease. Careful observa- 
tion of the movements of the abdomen and of the chest wall is 
essential in order to determine whether the breathing is being carried 
on mostly by the diaphragm or by the intercostal muscles, and 
whether it is alike on both sides A fluoroscopic e.xamination will some- 
times be of assistance in showing the amount of excursion of the dia- 
phragm on the two sides. 

A normal child, lying quietly, moves the chest very little in ordi- 
nary breathing With each inspiration, there is a slight bulging of the 
abdomen from the increased pressure caused by the descent of the 
diaphragm When asked to take a deep breath, the chest is raised, 
hut normal children often fail to show more than one-half inch chest 
expansion unless they have been trained to do breathing exercises. 
For this reason, too much significance should not be attached to small 
chest expansion in a poliomyelitis patient, unless there is a history 
01 respirator^' involvement, or unless there are obvious signs of unusual 
activity of the accessory muscles in the effort to lift the chest. 
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Diaphragm. — 

1. Observation of an unusual amount of chest expansion on each 
inspiration, accompanied by a sucking-in of the upper abdomen, 
indicates severe weakness of the diaphragm. 

2. The examiner may hold the patient’s ribs firmly, to interfere with 
the action of the intercostal muscles in attempting to raise the chest, 
while he observes the abdomen. A strong action of the diaphragm 
on inhalation will produce a perceptible bulge in the abdominal wait, 
and respiration will go on without discomfort, in spite of the re- 
stricted chest movement. 

Intercostals. — 

1. In severe paralysis of these muscles, with a good diaphragm, t c 

abdomen bulges markedly on each inspiration, and the chest a • 
tens, particularly in the region of the lower ribs, which are suc e 
in by the pull of the diaphragm. . . 

2. The examiner holds the lower ribs and the abdomen firmly agai 
motion, and the patient is urged to expand the chest with a ae P 
breath. The scaleni and the sternocleidomastoids normally act 
raise the chest in forced inspiration, as do the serrati, 

etc., but their action is much more marked when the mtercosi 
are involved. 

Exercises. — 

1. The patient should be taught to breathe with whichever muscles 
do not produce normal excursion on inspiration. 

Pressure on the ribs by the examiner’s hands will help to 
the action, by preventing movement at that point and forcing 
pansion elsewhere. 

2. Arm-raising and rib-stretching exercises should be included to pre 
vent contractures which may hold the ribs in a sunken position. 

3. Forcible expiration will also be useful. 


Equipment for Muscle Training 

The only equipment necessary is a table which can be made by any 
wrpenter. It should be large enough to support a patient lying on 
back with both legs in full abduction. For many patients, especially 
children, a somewhat narrower table will be satisfactory if the worker 
Readies the patient’s foot or hand when it is extended over the e g • 
The exact measurements will differ according to whether or not adults 
as well as children must be planned for, but it should be possible tor 
the average patient to lie on his side with his hips flexed 
undornwth leg extended nt a right angle to his body. We have taWes 
r,ve feet, f.ve and one-half and six feet in length, varying in wd* 
from three to four feet. It is better not to have them hinged tor adjust- 
able back supports, as any cracks or hinges increase friction or pro- 
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vide an obstacle vibkh has to be avoided. For the same reason drop 
leaves on a narrower table, which is ordinarily used for other purposes, 
are not as satisfactory as a solid top. A table of the required size may 
be built with folding legs and stood against the wall when not in use 
if the floor space is needed for other purposes. 

While a wooden surface may be used, patients will be more com- 
fortable if a few layers of harness felt are laid on the wood, extend- 
ing over its edges, and this is covered by a smooth leatherette or a 
waterproof covering which comes for automobile tops. 

^\^len it is necessary to give exercises in a bed. it is desirable to have 
as firm a mattress as possible, both to lessen friction and insure more 
accurate movements than can be obtained in a soft bed which sags 
in the middle. Often a board placed under the mattress, or a linoleum- 
covered board, like a table top. placed under the patient, will make a 
satisfactory substitute for a table. 

It should be emphasized again that it is not the equipment, but the 
choice of suitable exercises and the technic of giving them, that con- 
stitutes efficient treatment of paralyzed muscles. The kitchen table 
and even the kitchen floor have been utilized many times in homes 
where no other facilities were available. 

Various aids may be devised to assist very weak muscles in produc- 
ing movements, or to reduce Iriction. Dusting powder may be used, 
or slings to support the w'eight of the limb in exercises such as abduc- 
tion, with or without the use of pulleys or pendulum weights. A sup- 
port with a ball-bearing joint is sometimes used for the limb. Such 
devices may serve to stimulate the interest of the patient, but in most 
cases the hands of the worker can give more accurate localization of 
the movement, while at the same time giving the necessary support 
and assistance. 

The action of any mechanical exercises should be very carefully 
analyzed before consent is given for their use by patients whose 
muscles are severely paralyzed, or whose muscle balance has been 
affected. The general critidsms of their use are: 

1. Evidences of beginning fatigue cannot be recognized as readily 
as when the control of a movement is supplied either by the hands of 
an experienced worker or by a parent who has been accustomed to the 
reactions of that particular child. 

2 . Springs or weights may replace the active effort of the particular 
muscles most in need of exercise, w'hile the stronger antagonists are 
still further developed. 

3- Other muscles may be substituted and the movement performed 
m a faulty manner. 


The danger of overfaligue, and the danger of neglect of scientific 
ireatment on account of the use of some highly advertised mechanical 
appliance ace the most serious arguments against their use. 
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Therapeutic Exercise Pool 

The practice of giving muscle training in an exercise pool will be 
found beneficial to many patients. Its use seems particularly adapted 
to those whose muscles are so badly affected that they are able to 
produce little or no motion of the limbs on a table. 

It is customary to say that a muscle examination made in warm 
water will show a rating one grade higher than can be demonstrated 
outside. This is because the weight of the limbs is largely supported 
by the water, and the pull of gravity is either greatly diminished or 
entirely overcome, so that the part floats. In consequence, less strength 
is required to move the part, and an easier set of exercises can be 
evolved which are better graduated for very weak muscles, because 
they provide the right amount of work without the insensible fatigue of 
overexertion. Undoubtedly, the patient’s enjoyment of the exercise 
period stimulates him to greater effort and so hastens his process. 

The same care must be given to the choice of exercises suitable to 
the degree of weakness of the muscles, and to the relative strength oi 
the opposing group, as has been previously described. Equal attention 
must also be paid to localizing the movements in the desired muscles. 
The danger of the stronger muscles’ neglect of the weaker ones, m 
pneral and recreative movements in the water, is just as great as on 
land. The instructor of normal children in the swimming pool is no 
more qualified to undertake the treatment of infantile paralysis pa* 
tients in the water, than the physical education instructor is qualified 
to treiH them in the gymnasium. It is far better to teach the mother 
just what exercises should be done, either on a table or in the water, 
than to refer the child to the general swimming pool as a substitute 
for treatment. The general swimming pool may be of some benefit 
to the chronic case, as a healthful recreation in which he can partjci* 
pa 0 'Wifh others, but it does not constitute efficient treatment and ma> 
do definite harm in increasing deformities. 

erapeutic exercise pool of any size has the same problems as any 
other pool with regard to sterilization of %vater, overflow drains, clean- 
rleSia^ry ' ^ additional buoyancy but is not 

Hospital, Boston, has a recirculation sys- 
iToni ™ <*>orine, and triple gravel fillers. The 

laboratoiY braenolopc reports are almost sterile, and at an average of 

oMrHtiimn ^ chlorine, there are very few compla'n^ 

of ■rritalion to the mucous membranes or eyes 

cTorT** *"1 “ fcniperature of 90 to 94° F. 

34.44 C. ) , or severely paralyzed patients will complain of cold. 

paralyzed patients do not have the ^;ii’™a*'cUon 1 .nTeztrptrctto^ 
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Therapeutic Exercise Pool 


The practice of giving muscle training in an exercise pool nill be 
found beneficial to many patients. Its use seems particularly adapted 
to those whose muscles are so badly affected that they are able to 
produce little or no motion of the limbs on a table. 

It is customary to say that a muscle examination made in warm 
water will show a rating one grade higher than can be demonstrated 
outside. This is because the weight of the limbs is largely supported 
by the water, and the pull of gravity is either greatly diminished or 
entirely overcome, so that the part floats. In consequence, less stren^ 
is required to move the part, and an easier set of exercises can be 
evolved which are better graduated for very weak muscles, because 
they provide the right amount of work without the insensible fatigue of 
overexertion. Undoubtedly, the patient’s enjoyment of the exercise 
period stimulates him to greater effort and so hastens his progress. 

The same care must be ^ven to the choice of exercises suitable to 
the degree of weakness of the muscles, and to the relative strength ni 
the opposing group, as has been previously described. Equal attention 
must also be paid to localizing the movements in the desired muscles. 
The danger of the stronger muscles* neglect of the weaker ones, w 
general and recreative movements in the water, is just as great as on 
land. The instructor of normal children in the swimming pooUs no 
more qualified to undertake the treatment of infantile paralysis pa* 
tients in the water, than the physical education instructor is qualmed 
to treat them in the gymnasium. It is far better to teach the mother 
just what exercises should be done, either on a table or in the walw, 
than to refer the child to the general swimming pool as a substitute 
for treatment. The general swimming pool may be of some bene 
to the chronic case, as a healthful recreation in which he can partici- 
pate with others, but it does not constitute efficient treatment and may 
do definite harm in increasing deformities. 

A therapeutic exercise pool of any size has the same problems as any 
other pool with regard to sterilization of water, overflow drains, clean- 
liness, etc. Salt water may be used tor additional buoyancy but is mt 
necessary. 


The pool at the Children’s Hospital, Boston, has a recirculation as- 
tern of conUnuous flow, liquid chlorine, and triple gravel filters, 
laboratoo’ bacteriologic reports are almost sterile, and at an average ol 
0.5 part per million of residual chlorine, there are very few compla'iits 
mucous membranes or eyes. 

The water must be kept at a temperature of go to 94" F- ( 32 - 2 i. ! 
34.44 C ), or severely paralyzed patients will complain of cold, ^^hlle 
this temperature IS uncomfortably warm for normal persons, it should 
be borne in mind that it is somewhat below body temperature, thus 
causing a loss of body heat. The cold limbs and poor circulation of 
paralyzed patients do not have the quick reaction and extra production 
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Therapeutic Exercise Pool 

see which ones are best suited to the functional ability of the muscles. 
Some poor muscles will function best in a movement parallel to the 
surface of the water, while others accomplish more either in lifting 
the part toward the surface or in the opposite position of submerging 
it. The tension of the antagonistic muscles and the ability of the part 
to float are conditions which affect the difficulty of the exercise. 
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The trunk muscles respond especially well to exercises in water, and 
a greater variety can be worked out for weak abdominal and back 
muscles than can be performed on a table. 

The balance of the head and trunk in the erect sitting position may 
be gained by practicing in water which reaches above the shoulders, 
the patient who has to learn to walk over again, using braces and 
crutches, makes much faster progress if he has had a preliminary 
training m the pool. Leg splints and a corset may be worn in the 





80 lv ®0 |i Infantile Paralysis 

of heat with which the normal person responds to a lower temperature, 
and chilling results, with consequent loss of muscle effectiveness. 

The routine precautions observed to prevent a spread of infection 
incU^de nose and throat culture, Wassermann test if the history sug- 
gests its need, warm soap scrub on a table under a shower, and careful 
inspection for signs of a skin infection, a rash or a cold. Ambulatory 
patients wear paper slippers over bare feet outside the pool. 



Fjc 43 Oalvanucd'iran extension splints for walklnR in tl't 

A I s- or 2o.minute rest should be required after the exercise period- 
table submerRcd in the pool about lo inches below the surfa« 
wdl he found of assistance in giving many exercises. The legs may 
fastenei m sockets on the bottom of the pool if it is desired to base 
the tabic removable, or one end may be hung from the hand rat 
srith weighted legs at the other end to hold it down. An inchneO 
plinth under water will also be found useful 

Many of the same exercise positions may be used in the water, 
but It wail be found necessary to tty out the different positions <» 
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pool to prevent faulty weight bearing. The problem of maintaining the 
balance, while shifting the weight from side to side as the legs are 
moved, is made much easier when the body is supported by water of 
shoulder depth. 

Other problems of daily life^ such as going up and down stairs 
and sitting down and petting up out of a chair, may be mastered 



these patients independent ^ '' 

paSyzaTpa'lientrMOTomcni's 7 ^ definite advantage to recently 
water even Udore the insiiivrn" ^ "dhout pain in the warm 
crease in sensitiveness is usuali."^?V^'’^ “"d immediate ile- 

• > noticed when physical therapy treat* 
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ment is started in this way. Instead of using the large pool, we prefer 
to submerge such patients on a Bradford-frame in a table tub 
inches deep (large enough for one patient). About 100“^ F. (37*78 w 
is the usual temperature while sensitiveness remains. No attempt is 
made to force painful movements, or to carry through a list of exer- 
cises The patient is allowed to move as he likes, and confidence is 
gained in the shallow water. If there are beginning contractures, me 
patient is encouraged to try to overcome them, but no painful stretch- 
ing is done. The patient remains in the water about ten minutes an 
is then lifted on the frame and dried off with as little movemen 
of sensitive joints as possible. 

Phi'sical Therapy in Postoperative Conditions 

Muscle training after tendon transplantations is of the 
portance, as the after-treatment may mean the success or tai u 
the result. . . ?n 

After a tendon transplantation, the part must be ty 

the corrected or overcorrected position. There is danger that at ^ J 
and weakening of the muscle xvill lake place, if complete -j.| 
tion is continued for any considerable length of lime It is . J 
however, that lime enough should be allowed for the 
tendon to become firmly attached to its new insertion, before auo e 
any motion - 

.\ tendon should be firmly enough attached after twelve or 
days to allow some pull to be made upon it. It is my rm® ® 
baking and superficial massage without motion when the shtenw 
taken out, usually after eight or ten days At this time, the pat 
should also begin to “set” the muscle, making one or two attempt 
contract ii After twelve to fourteen days, the number of times 
miivtle is contracted may be gradually increased, depending _ 
re-spon-se. so that after two weeks regular muscle training is oc s 
earned on 

In casoi- where a tendon has been transplanted to such a place 1 a 
u> new function will be entirely different from the original one, it 
noee>>ary at the start to tell the patient to carry out tbf *orm 
funcuun m order to have him perform the new one. Patients will graa“ 
ally learn with practice to perform the new function, and as 
thi> i> accomplished, the original function should be dropped 
the li't f*f exercises H there are other muscles of sufficient 5treo^» 
to initiate the mo%ement. or to assist the transplanted muscle m 
new {Hi-ition, It «i}l regain good functional use more quickly. 

(ireat t.ir«- ^hovihl alwayv be taken to prevent muscle fatigue irom 
the tre.itnn nt ni^t .js m the muscle training of cases where there h 
no op<r.iium \ \\t*.iker response should be the signal for rest, 
rather ih.in i-.r tepe.uet} efforts to demonstmte the ability to function* 
The tir-i iM>-to|Hrati\e treatments should be given with the pa« 
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resting in half of the bivalved plaster. Baking, superficial massage and 
reeducation of the transplant can be given in this way before it is safe 
to have the part unsupported. The region of the incision may be left 
covered by a small dressing if it is not entirely healed, while treat- 
ment is given to the rest of the muscle. 

Tendons of partially paralyzed muscles must be carefully protected 
from stretching, and they require a longer period of rest after their 
attachment in a new position than is necessary after the suture of a 
divided tendon whose insertion has not been disturbed. 

A bone operation, such as a stabilization, must be treated as a 
fracture, whether or not a muscle transplantation has been done at 
the same time. Baking and massage may be started in two weeks, 
provided that care is taken to prevent any motion at the joints 
operated upon, and muscle training for a transplantation may be added 
in about four weeks. 

It is important to carry on massage and muscle training to keep up 
the circulation and tone of the affected muscles in other parts of the 
body during a period of postoperative inactivity. Light work of this 
kind can usually be started soon after the disappearance of the early 
postoperative reaction and discomfort, provided that care is taken to 
avoid any exercise or position which may cause strain on the im- 
mobilized part. 

When weight bearing has been resumed, much can be done in many 
cases to improve the patient’s gait by special training to overcome 
faulty habits, and to insure the use of a transplanted muscle in walk- 
ing Instruction is often needed to aid the patient in acquiring good 
balance of the body after stabilization operations on the feet. 

Much time can be saved and better results obtained, if an intelligent 
use is made of physical therapy measures following operative pro- 
cedures in the treatment of poliomyelitis. 

Necessity of Follow-up 

The importance of follow-up treatment in the after-care of polio- 
myelitis is very great. 

Since the maximum recovery from the effects of an attack of 
poliomyelitis can not be obtained in a few weeks or months, if there 
has been any considerable degree of paralysis, but is a long and tedious 
process in which the outcome is dependent upon the regular and 
faithful cooperation of the patient and his family, some thought must 
be given to the problem of obtaining, and keeping, this cooperation. 

The parents of children affected wth poliomyelitis should be given 
an honest, heart-to-heart talk about what they have to expect; and 
should have it explained to them that no one can tell how much 
reco\^ry can be made by the weakened muscles, but that whether or 
not their child regains the maximum amount possible to him depends 
to a large extent upon their faithfulness in carrying out treatment. 
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They should understand that there will be periods when no appreciable 
gain will be made, but that neglect of treatment may allow the develop- 
ment of serious deformities, and that muscles often start in to gain 
again after a stationary period. 

They should also reali2e that there are charlatans who will promise 
perfect cures, and that, on the other hand, there are reputable doctors 
who do not yet realize the improvement that can be gained by carefully 
planned muscle training and will tell them that it is not worth while 
to do an3^hing more than wear braces. It is easy to understand the 
discouragement and the perplexity that the parents of paralyzed chil- 
dren must often feel, and they should be given every legitimate encour- 
agement to carry on, for the good of the child. 

Daily treatment by an expert in muscle training, with the frequent 
supervision of the surgeon, is of course the ideal method of treatment. 
Obviously this is possible for only a limited number and cannot 
arranged for any large group of patients with restricted financial 
means, who are scattered over a wide area. 

Careful instruction of the mother so that she may carry on the 
proper exercises correctly, in between the days when she reports to 
the clinic, is the only practical method of follow-up. 

It IS our policy in the Harvard InfanUle Paralysis Commission 
Clinic to have cases report three times a week to the clinic at the 
start of their treatment, so that the progress of each muscle may be 
>ratched carefully, and the parent instructed in the exercises she 
should carry out at home on the other days. 

It IS true that some parents are incapable of understanding snd 
carrying out instructions in muscle training, but a fairly intelfigc*'^ 
mothw wll soon learn to carry out exercises, if she realizes their value, 
alter being shown and made to perform them herself a few limes under 
the direction of a capable worker. These home exercises are of vital 
importance, for a patient will certainly lose muscle power if the treat- 
Sfnir ? rafried out daily. For this reason, it is necessary for » 
P’''[^‘?'’.“'orapy worker to have the ability to instruct the 
Smrtiv ‘^“Sp'raiion. As the parents learn to carry on 

erS fv f“Porvision. the patients’ visits to the dime are 

fs dtSieTo W “ 'veek. and later to the intervals when it 

It is imnoss'Hw Progress inspected by the surgeon, 
three ti?^r-i tre t " 1 “^ Pnrenu to bring the patients to the dime 

ess frZcnl '>■“= they must do the best they can w, h 

insnreS?heree.T =>* as possible. In order to 

lins ormtnimdinSf ‘ « '^trrried on, and not neglected, 

lo'reich the oalient. foilow-up work must provide field workers 
cstent bv efsits o *”‘«''als. This may be done In some 

ment clinics which Sc hdd bv the'^’ “l" 

at weekly, or other, 'ntereaU convenient loMi centers 

carries out the s.ame JrSmem treatni^ent ciinics, the worker 

caiment which would have been given at tnc 
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hospital clinic and supervises the mother’s methods of ^ving the exer- 
cises. She also notices whether the surgeon’s instructions are being 
carried out and later reports lo him any change in the patient’s con- 
dition which requires his attention. 

These treatment clinics held near the homes are often more effective 
in encouraging the parents to continued effort than home visits, since 
they have the opportunity to see the progress that other children are 
making, and to hear how other mothers manage to meet the problems 
of getting in the daily exercise period and of making the children carry 
out the doctor’s other instructions. 

After muscle training has gone on for a few weeks, some muscles 
will be seen to have regained power faster than others. For this reason, 
it may be advisable to lessen the amount of exercise given these 
muscles and put more stress on the ones that are not regaining power 
so fast, in order to prevent any increase in imbalance. 

At regular intervals, all patients should have a routine check-up by 
the surgeon, which should include the following points; 

1. A complete reexamination of muscle power, which is made at 
intervals of once a month for the first three or four months, and then 
every two months during the rest of the first year. An examination 
every four months is often enough for the older cases. 

This examination will determine the choice of muscles to be strength- 
ened by the physical therapy worker until the next examination, and 
wll also control the decision of whether braces may be gradually dis- 
carded or should still be continued. 

2 . An inspection of the braces, at least every three or four months, 
to insure that the chronic cases who require them permanently have 
the necessary alterations and repairs to match their growth. 

3‘ From these routine examinations, it can be determined whether 
the progress of the case is satisfactory in regard to muscle recovery, 
or whether a stationary period has been reached. If the latter, there 
should be a consideration of whether some operative procedure may 
now be of service, without further delay. 

What Can Be Expected from Physical Therapy 

It has been stated earlier that the greatest amount of spontaneous 
recovery of muscle power occurs during the second stage of polio- 
myelitis. This is the recovery following the absorption of the edema 
which had made pressure on some of the nerve centers of the spinal 
cord and temporarily interfered with their function, but bad not 
destroyed them. 

The greatest gain due to muscle training is made in the first nine 
months to a year of treatment. UTien the nerve centers controlling 
muscles are partially impaired, weakness or partial paralysis of those 
muscles is present. Such muscles will gradually gain in power bv 
irequent repetition of active contraction of their muscle fibers but 
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They should understand that there will be periods when no appreciable 
gain will be made, but that neglect oi treatment may allow the develop- 
ment of serious deformities, and that muscles often start in to gain 
again after a stationary period. 

They should also realize that there are charlatans who will promise 
perfect cures, and that, on the other hand, there are reputable doctors 
who do not yet realize the improvement that can be gained by carefully 
planned muscle training and will tell them that it is not worth while 
to do anything more than wear braces. It is easy to understand t^ne 
discouragement and the perplexity that the parents of ppalyzed chil- 
dren must often feel, and they should be given every legitimate encour- 
agement to carry on, for the good of the child. 

Daily treatment by an expert in muscle training, wth the frequen 
supervision of the surgeon, is of course the ideal method of treatment. 
Obviously this is possible for only a limited number ^d cannot be 
arranged for any large group of patients with restricted fiaancja 


means, who are scattered over a wide area. . 

Careful instruction of the mother so that she may carry on t 
proper exercises correctly, in between the days when she reports i 
the clinic, is the only practical method of follow-up. ^ , . 

It is our policy in the Harvard Infantile Paralysis 
Clinic to have cases report three times a week to the clinic at t 
start of their treatment, so that the progress of each muscle way 
watched carefully, and the parent instructed in the exercises sn 
should carry out at home on the other days. .. 

It is true that some parents are incapable of understanding 
carrying out instructions in muscle training, but a fairly 
mother will soon learn to carry out exercises, if she realizes their ' 
after being shown and made to perform them herself a few times unper 
the direction of a capable worker. These home exercises p" 
importance, for a patient will certainly lose muscle power if the ire 
ment is not carried out daily. For this reason, it is necessary JM J 
chmeal physical therapy worker to have the ability to instruct me 
parents and obtain their cooperation. As the parents learn to carry 
correctly without supervision, the patients’ visits to the clmic a 
padually decreased to once a week, and later to the intervals when n 
IS desirable to have their progress inspected by the surgeon. . 

It IS impossible for many parents to bring the patients to the cii 
three times a week. In these cases, they must do the best they can n 
less frequent instruction and report as often as possible. In order 
insure that the treatment of such cases is carried on, and not neglec e , 
any orpmzalion doing follow-up work must provide held 
to reach the patients at regular intervals. This may be done to som® 
extent by 'txits to the homes, or by the institution of so-callcd tteal- 
ment c in, cs irhich are held by the workers at convenient local centw 
at weekly, or other, intervaK At these treatment clinics, the worker 
carncs out the same treatment which would have been given at the 
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hospital clinic and supervises the mother's methods of ^ving the exer- 
cises. She also notices whether the surgeon’s instructions are being 
carried out and later reports to him any change in the patient’s con- 
dition which requires his attention. 

These treatment clinics held near the homes are often more effective 
in encouraging the parents to continued effort than home visits, since 
they have the opportunity to see the progress that other children are 
making, and to hear how other mothers manage to meet the problems 
of getting in the daily exercise period and of making the children carry 
out the doctor’s other instructions. 

After muscle training has gone on for a few weeks, some muscles 
wll be seen to have regained power faster than others. For this reason, 
it may be advisable to lessen the amount of exercise given these 
muscles and put more stress on the ones that are not regaining power 
so fast, in order to prevent any increase in imbalance. 

At regular intervals, all patients should have a routine check-up by 
the surgeon, which should include the following points: 

1. A complete reexamination of muscle power, which is made at 
intervals of once a month for the first three or four months, and then 
every two months during the rest of the first year. An examination 
every four months is often enough for the older cases. 

This examination ^viIl determine the choice of muscles to be strength- 
ened by the physical therapy worker until the next e.xamination, and 
will also control the decision of whether braces may be gradually dis- 
carded or should still be continued. 

2. An inspection of the braces, at least every three or four months, 
to insure that the chronic cases who require them permanently have 
the necessary alterations and repairs to match their growth. 

3. From these routine examinations, it can be determined whether 
the progress of the case is satisfactoiy in regard to muscle recovery, 
or whether a stationary period has been reached. If the latter, there 
should be a consideration of whether some operative procedure may 
now be of service, wthout further delay. 

What Can Be Expected from Physical Therapy 

It has been stated earlier that the greatest amount of spontaneous 
recovery of muscle power occurs during the second stage of polio- 
myelitis. This is the recovery following the absorption of the edema 
which had made pressure on some of the ner%’e centers of the spinal 
cord and temporarily interfered with their function, but had not 
destroyed them. 

The greatest gain due to muscle training is made in the first nine 
months to a year of treatment. UTien the nerve centers controlling 
muscles are partially impaired, weakness or partial paralysis of those 
muscles is present. Such muscles will gradually gain in power bv 
irequent repetition of active contraction of their muscle fibers but 
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wiU only make their maximum recovery when protected from such 
unfavorable conditions as fatigue, over-use, stretching, etc. On the 
other hand, if these muscles are not caused to contract by exercise, 
they -will weaken from disuse, atrophy and gradually degenerate. 

After the first year, weakened muscles will continue to gain under 
treatment, but their progress will be much slower than that o! the 
uninvolved muscles which will gain at the normal rate. For this reason 
too, after-care should be carried on for many years after the on«t, 
in order to guard against an increasing imbalance which may bring 
about late deformities. However, the actual gain made by the weakened 
muscles after the first year is of sufficient importance to warrant keep- 
ing up muscle training. 

Just how much power can be refined, eventually, depends upon 
the amount of permanent injury which has been done to the nerve 
centers. If all the nerve centers controlling a muscle have bwn de- 
stroyed, there can be no return of power under any treatment, but me 
examiner is not justified in assuming this to be the case, on the strength 
of not obtjuning any remnant of muscular contraction in the csu) 
examinations. A survey of 293 muscles which were rated totally gohe 
on the initial examinations disclosed that two-thirds of these 
showed some return of power after two years of treatment. \Smen w 
group with the totally paralyzed muscles the next grade, consisting 0 
muscles which sometimes show a remnant of response but 
to produce any movement of the part to which they are attached, 
find that 23 per cent, or one-fourth of a total of 694 muscles uname 
to produce any movement on the first examination, are able to tunc- 
a^uinst gravity after two years of treatment. . » 

Muscles which are able to produce some movement at the 
me initial examination, of course, show a greater proportion of ’ 
CM 6127 muscles able to produce .some movement, 89 per cent wer 
against gravity two years later. 

At the end of two years’ treatment, a survey showed that 02 P*- 
cent ol all the muscles in any degree affected had become normal. 

Only 13 per cent of the muscles which were classified as . 
had not recovered to normal; 91 per cent of the “fair” muscles haa 
s8 per cent of the “poor” muscle W 
reached good or normal; and 21 per cent more had become faiti 
th,;U IS. they were able to overcome gravity. 

‘•■e Boin in muscle stteagh 

SliiinaM 'ton’ tre,atment, but they do ft 

patients, of the Itamn'S ** 

how o rise from them how to walh eP'"' 

-IS irclJ as hoK* tn handle thcmseh'es independently on 5^ ’ 

the iSr u '"“y “f “cis of normal life 

indivitlual, and a hclpte/S^^de®” 



CHAPTER NINE 


PHYSICAL THERAPY IN CEREBRAL SPASTIC PARALYSIS 
Edwin W. Ryerson, M.D, 

Cerebral spastic paralysis, for the purposes of this paper, will be 
considered under three headings: (i) The Congenital Form in Chil- 
dren. (a) The Acquired Form in Children. (3) The Acquired Form in 
Adults. 

The Congenital Form in Children 

The congenital form is usually due to injury during the process of 
parturition, the skull being compressed during its passage through the 
birth canal, with a resulting intracranial hemorrhage from torn blcrad 
vessels. The extent of the hemorrhage and its location will determine 
whether the infant dies immediately or lives with a greater or lesser 
degree of damage to the cranial contents. 

Routine lumbar punctures in more than nine hundred new-born 
babies showed blood in the spinal fluid in nearly 12 per cent, as re- 
ported by William Sharpe and Hines Roberts, but only a few showed 
any clinical signs of birth injury. 

The hemorrhage is most often over the cerebrum and usually limited 
to one side, beneath the dura, but may be tentorial or from the large 
central veins. 

Premature babies are especially liable to intracranial hemorrhage 
because of the thinness of the skull and the fragility of the blood 
vessels. 

Hemorrhages of considerable size are apt to result in porencephalic 
cavities, which were formerly considered to be developmental defects. 
These are generally in the cortex and are due to tearing of tributary 
veins to the longitudinal sinus by the overlapping of the parietal bones 
as the head is compressed and molded during delivery. 

The clinical signs of intracranial hemorrhage in infants are usually 
asphyxia and difficult resuscitation. The child is feeble, does not nurse 
and may be more or less comatose. There may be spasticity or con- 
vulsions. The fontanels may be tense or bulging. A lumbar puncture 
should always be made in doubtful cases, and if bloody spinal fluid is 
lound, under increased pressure, the diagnosis is practically certain. 

The most common form of congenital cerebral spastic paralysis is 
paraplegia, affecting both legs. It is usually called Little’s disease and 
was described by him in 1862. When the arms are also involved it is 
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almost as common. Frank R, Ford, 
bra^ published in 1927, states that true congenital cere- 

hemnrrhal h ® apparently not related to birth injury or to meningeal 
cn.ue 7 hi® • I ‘ “'>^aute developmental detects. The dipie^js 

p™gfe ” hemorrhage he prefers to call “bilater/hemi- 

The Acquired Form in Children 

acquired form of cerebral spastic paralysis in children is usually 
tnnn 1 ' ffom the middle ear or in the course of con- 

diseases. Direct injury to an intracranial blood vessel is an 
^ ent cause. Spontaneous rupture of an artery, and thrombosis 
and embolism are rare in children but common in adults. 

The Acquired Form in Aduets 

paralysis of the cerebral type usually occurs in persons 
vear^i ac a ^ pressure has existed for many 

Dredisnn^c cardiac disease. Infectious endocarditis 

of thp syphilis is a frequent cause of thrombosis 

called annnifl^,, Rdpture of a vessel in the brain, commonly 

bosis PSfhaps more frequent than embolism and throm- 

the location disability in all of these cases will depend upon 

diately or j lesions. If death does not result imme- 

menf in mn«f ? ^ general tendency is toward improve- 

beneht can be afforded by the 

the Smfplegic P^'^'F^es are unilateral and of 

to the cerebral lesicfn^’ affecting the arm and leg of the side opposite 

not be which may cause intracranial lesions need 

physiotherapeutic physical results and the 

tioned before. ®^uient ate practically identical with those men- 

^ _ Treatment 

cerebral ^he ordinary cases of congenfw| 

importance to deterTnii,^a®»L’ Little's disease, it is of the greatest 
lining the course of <111. ® "dental condition of the child before out' 
can ncNCr become useful Children who are imbeciles or idioU 
nomic problem to decWe « u **• >s a difficult social and cco- 
to leave them as ihev ipn a -j- 'reprove their physical abilities or 
may be less disadvamae^!.? incapable of walking abou 
powers of locomotion On ^ connmunity than one who has full 
might well hesitate to common humanity, however, one 

science might afford. It u LI? individual the help which medu^' 
possible, in some cases, to measure accu' 
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rately the mental capacity of very young children, and it is also true 
that medical or surgical treatment of the spastic disabilities sometimes 
produces considerable improvement in the mental status. For such 
reasons, then, public policy may dictate attempts to relieve even those 
who are severely handicapped. 

In the absence of indications for cranial operations, the plan of 
treatment involves certain fundamental principles. 

The clinical picture is that of an individual who has not, in the 
strict interpretation of the word, a true paralysis of any of his muscles. 
Every muscle in his body is intact and is capable of the normal range 
of contraction and relaxation, and the peripheral nerves, both motor 
and sensory, are undamaged. The motor centers in the cortex, how- 
ever, have been compressed and irritated, or even destroyed, by the 
cortical injury and are no longer able to transmit properly the desired 
stimuli to the motor nerves. This results in a disarrangement in func- 
tion of the muscles supplied by the damaged area of the cortex. Some 
of the muscles are overstimulated and contract too strongly. The 
opposing muscles are understimulated and fail to balance these strong 
contractions. The patient is unable to regulate voluntarily the un- 
balanced forces, and an incoordination of movement naturally results. 

In the ordinary paraplegia of Little’s disease, the large calf muscles, 
the gastrocnemius and the soleus, become overactive and pull too 
strongly upward upon the heel, producing the familiar equinus de- 
formity of the foot. The child, therefore, walks upon the ball of the 
foot, with the heel raised above the floor. Similarly, the great hamstring 
muscles in the thigh overbalance the extensors and cause flexion of the 
knee. In most cases the three adductors of the thigh also act too 
strongly and draw the knees together so that they interfere with or 
even cross each other. 

The treatment of this condition is carried out by frequent manipula- 
tion, several times daily, of the feet and legs; the knee, ankle and hip 
being put through the full normal range of motion and held in complete 
overcorrection for some minutes at a time. The resistance of the 
muscles can always be overcome by firm, steady pressure, which will 
cause no actual pain whatever, but which at first is often objected to 
by the patient. After the muscles have been relaxed and stretched by 
these manipulations, an attempt is made to have the child perform 
some voluntary movements of a simple nature, dorsiflexing the foot 
extending the knee and abducting the thigh. Deep massage and knead- 
ing of the muscles may reduce their spasticity but must be done slowly 
and firmly, because rapid and light tapping massage tends to increase, 
rather than to decrease, muscular irritability. ’ 

No form of electrical stimulation should ever be used in any variety 
of spastic paralysis. Galvanism and faradism, therefore, are absolutely 
contraindicated. ^ 

No alternations of heat and cold, as for example, “contrast baths ” 
should be used. ’ 
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known as diplegia. Hemiplegia is almost as common. Frank R. Ford, 
in his monograph published in 1927, states that true congenital cere- 
bral diplegia is apparently not related to birth injury or to meningeal 
hemorrhage but is due to obscure developmental defects. The diplegias 
caused by injury or hemorrhage he prefers to call '‘bilateral herm- 
plegia.” 

The Acquired Form in Children 

The acquired form of cerebral spastic paralysis in children is usually 
caused by infection, as from the middle ear or in the course of con- 
tagious diseases. Direct injury to an intracranial blood vessel is an 
infrequent cause. Spontaneous rupture of an artery, and thrombosis 
and embolism are rare in children but common in adults. 


The Acquired Form in Adults - 

Adult spastic paralysis of the cerebral type usually occurs in P^tsons 
past middle life, in whom a high blood pressure has existed for many 
years as a result of renal or cardiac disease. Infectious H 

predisposes to embolism, and syphilis is a frequent cause of tbromo 
of the cerebral vessels. Rupture of a vessel in the brain, 
called apoplexy, is perhaps more frequent than embolism and tnto 
bosis. The resulting disability in all of these cases will depend upo 
the location and extent of the lesions. If death does not result 
diately, or within a few days, the general tendency is 
ment; in most cases a great deal of benefit can be afforded by me 
proper physiotherapeutic treatment. , i nrt nf 

Nearly all of the acquired spastic paralyses are unilateral an 
the hemiplegic variety, affecting the arm and leg of the side opposu 
to the cerebral lesion. . j 

The more unusual diseases which may cause intracranial 
not be detailed in a work of this kind, as the physical results ana inc 
physiotherapeutic treatment are practically identical with those men 
Honed before. 


Treatment 

In Children—Considering first the ordinary cases of congemtaj 
cerebral spastic paraplegia, or Little’s disease, it is of the greales' 
importance to determine the mental condition of the child before 
lining the course ot treatment. Children who are imbeciles ov 
can never become uselul citizens, and it is a difficult social and eem 
nomic problem to decide whether to improve their physical oh'd'f ” 
to leave hem as they are. An idiot who is incapable of walking abou 
may be less disadvantageous to a community than one who has 

“f “"'■"0" humanity, ho«ver, one 
“"y “dividual the help which media 
science might aiford. It is impossible, in some cases, to measure accu 
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After these operations, the legs and feet are encased in a double 
plaster-of-paris spica, with the knees straight, the feet in the neutral 
right-angled position and the legs widely abducted. In six weeks or 
less the spica is removed, and physical therapy is again instituted. 

The Hand. — In cases of hemiplegia, the hand and arm may be 
seriously disabled, and the problem of restoring function here is much 
more difficult than in the legs and feet because of the more highly 
differentiated character of the demands upon the upper extremity. The 
elbow and wrist are usually flexed, and the hand is apt to be deviated 
to the ulnar side, with marked adduction of the thumb. Voluntary 
attempts by the patient to perform movements with the hand or fingers 
cause incoordinated contractions of the muscles, so that proper func- 
tion is impossible. A long course of faithful physical therapy and 
muscle-training must be persisted in, and in some cases the results are 
very satisfactory. It is of great benefit to tie the normal hand and arm 
behind the back, so that the child is obliged to use the spastic hand 
for all purposes of work or play. It is often difficult to obtain the 
cooperation of the parents in this procedure because of their undue 
sympathy with the struggles of the child to escape from the bondage. 
The hand should be incased in a long mitten or bag, made of strong 
cloth or leather, which is laced or tied to the wrist or above the elbow 
and is in turn fastened securely to the waistband in the back. When 
this can be conscientiously carried out, it is the most successful method 
kno^vn to the author. 

In spite of all possible conservative measures of treatment and 
education, there will remain a rather high proportion of patients who 
wll not obtain sufficiently good function. For these, considerable bene- 
fit may result from well-planned and well-executed operative proce- 
dures. The flexors of the wrist, namely, the flexores carpi radialis and 
ulnaris, may be lengthened by open division When pronation of the 
hand is extreme, the pronator radii teres may be divided or may be 
transplanted behind the radius so as to act as a supinator, as in A. H. 
Tubby’s operation. It may also be necessary to cut the pronator 
quadratus, just above the wrist joint, on (he palmar side. 

The adducted position of the thumb, due largely to overaction of the 
opponens pollicis, is difficult to remedy. Simple division of this muscle 
is not usually satisfactory. It is probably better to cut the small branch 
of the median nerve which supplies this muscle, the incision being 
made at the base of the thenar eminence. 

Undue flexion of the fingers is another stumbling-block. If the flexor 
tendons be lengthened by open operation, the result is apt to be vitiated 
by a mass of adhesions, all of the tendons becoming matted together 
with no possibility of individual action. In a few cases, the tendon of 
origin of the flexors has been detached from the condyle of the 
humerus, with considerable benefit. This, of course, lengthens only the 
long head of the flexor sublimis, but the dissection can be carried down 
to include the ulnar head of the flexor profundus. Both of these muscles 
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Braces, splints, and plaster-of-paris casts are of little use in cerebral 
spastic paralysis. They do not prevent contraction of the muscles, nor 
do they aid in locomotion. Their only field of usefulness is to immobil- 
ize the extremities for a suitable time after operative procedures have 
been instituted, as will be described later in this article. 

The dominating factors of the conservative treatment are, first, to 
make the muscles flexible and relaxed by stretching and kneading and 
then to teach the patient to use the muscles in the proper manner. 
Success can only be attained by constant effort and ine^austible 
patience on the part of the attendant. Instruction carried out in classes 
is very valuable, as the stimulus of competition and association with 

other similarly afflicted children leads to ' ’ * 

is well exemplified at the Spaulding Scl ' ^ 

Chicago, where for some years a specia „ • ^ 

been conducted with great success. 

Later Treatmekt. — Faithful perseverance in the conservative 
treatment should be continued for many months. If it then becomes 
evident that the spasticity is too great to respond to the simpler meas- 
ures, operative interference should be considered. . 

There are two distinct methods of operation which have stood tn 
test of time: 


1. Lengthening of tendons and muscles. 

2. Reduction of nerve supply to the spastic muscles (Stoffel s opera- 
tion) . 


Neither method produces perfect results in any case. Both methods 
lessen the spasticity very materially. Tendon lengthening is easier ana 
IS not destructive. If too great lengthening should occur, the ten 
wn readily be ^ortened. Stoffel’s operation is difficult and tecbni , 
in comparison; if too much of the nerve supply is cut off, the damag 
cannot be repaired. 

A combination of the two methods is often more successful than t e 
use of either alone. 

In the writer’s clinic, the ordinary procedure is as follows: 
general anesthesia the Achilles tendons are lengthened one-half to 
three-quarters of an inch by the open plastic method. The bicep, 
semitendinosus and semimembranosus tendons are then exposed y 
incisions op both sides of the popliteal space and are cut across com- 
plete^, being allowed to retract as far as they may. The child is then 
tpn^^ over on the back, and the obturator nerves are exposed by 
short incision downward from the spine of the pubis. The fascia is 
separated exposing the adductor brevis and the adductor Iong«s. 
Between these muscles the two branches of the nerve are easily found- 
In miW pses only the anterior branch need be divided. 
cases both branches are cut, and some operators remove a half meb 
or more of the nerves. * 
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readily be lengthened by operations performed under local anesthesia, 
with a minimum of risk and, in many instances, with brilliant results. 

It will be noted that no mention has been made of Royle and 
Hunter’s sympathetic ramisectomy, nor of Forster’s division of the 
sensory nerve roots. The writer feels that the ramisectomy is still of 
somewhat doubtful value, and that Forster’s operation should defi- 
nitely be abandoned. 

To sum up the view’s presented in this article, the cardinal principles 
of treatment in cerebral spastic paralysis embrace: 

1. Early and long-continued training in the proper use of the affected 
extremities, thus strengthening the weaker muscles. 

2. Conservative efforts to reduce the spasticity by massage, manipu- 
lations and stretching. 

3. Diminution of the power of the overstimulated muscles by length- 
ening their tendons (thus shortening their range of contractility) or by 
reducing their nerve supply. 
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lie beneath the flexores carpi radmlis and ulnaris, the palmaris longus 
and the pronator radii teres, all' of which can be, and in fact must be, 
detached at the same time. The entire arm, forearm and hand are then 
placed in a plaster-of-paris splint, with the elbow in full extension, the 
wist hyperextended and the hand supinated, for a period of five weeks. 
The educational and physical therapeutic treatment is then resumed. 

As an alternative to the operation of lengthening the muscles and 
tendons, the selective nerve-division operations of Stoffel may be used. 
The nerves supplying the spastic muscles are exposed, and one or more 
of the fibers running into the muscle bundles are cut across, or a sec- 
tion of them is removed. This paralyzes a corresponding portion of the 
muscle, greater or lesser as the surgeon deems advisable. The results 
in many of these cases are excellent. The writer has not used this 
method as freely as have some of his confreres, because the operation 
IS essentially a destructive one and its effects cannot be modified in 
case too many nerve fibers have been divided. It is also a somewhat 
inaccurate procedure, since it is impossible to determine precisely how 
much of the nerve supply to sacrifice in any individual instance. ^Vhen 
or tendon has been lengthened too greatly, it is easy to shorten 
It the requisite amount, but when a small motor nerve been sec- 
tioned, it IS practically impossible to repair it. The Stoffel operation, 
nevertheless, is of great value when judiciously utilized in suitable 
cases, especially in the adductors of the thighs, the flexors of the 
lingers and the opponens pollicis. 


spastic paralysis in adults, as a result of 
hage, embolism or thrombosis, usually occurs suddenly, with 
profound constitutional disturbance. Treatment of the peripheral dis- 

1 .y ^ust be deferred until the general condition is satisfactory. The 

herniplegia tends to improve rapidly at first, and then more slowly. In 
medical attendant fails to appreciate the value of 
treatment of individuals who have suffered a 
cHnnlM unfortunates are allowed to drift along iviA a 

proper therap}^*^ which might be made comparatively useful by 

ble advised for hemiplegia in children is apph’ca* 

nhv-siotheran^ ^ cooperation is more easily secured in the 

years and are oft but, as many of them are advanced in 

ndSaUe truer O™ 8“°“ risks, it is not so frequently 

nlltfrmd fe best r »I«ucle-tmining is of great value m 

both legs at the same'Hme“‘th^t*^‘'’"'’“' ’’“move- 

ments rather than the u.Tof'’^ i ^y^uicfical, synchronous move 

in the training tvill often “‘ccmity involved. Persistence 

In cases of disabling Mn^ It-" “"c-xpcctedly good function. 

or the Iiamstrings, j,® “c contractures of the calf muscles 

must be remembered that these tendons can 
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THE PHYSICAL THERAPY OF OBSTETRICAL 
PARALYSIS 

James Warren Sever, M.D, 

Obstetrical paralysis was first described by Smellle In 1768, but 
was brought to the attention of the medical profession in 1872 by 
Duchenne, who described four cases. 

The paralysis is due to the tearing of the cords of the brachial 
plexus as a result of forcible separation of the head and shoulder 
at birth. This has been confirmed by operation, by autopsy, and by 
clinical observation. The resultant paralysis is characteristic. The arm 
hangs limp at the side, with the elbow extended, the forearm pronated, 
and the whole arm inwardly rotated. The paralysis is always flaccid. 

It has been conceded by practically all observers that a difficult 
labor is a predisposing factor in the cause of this paralysis. The labor 
is usually long and difficult, and ether or forceps are used (Fig. i). 
All the conditions noted above imply the application of force, com- 
bined with great muscular relaxation of the child — conditions pecu- 
liarly favorable for the production of such an injury. A moderately 
large number have had the head delivered naturally, but the “shoulder 
stuck,” and at that time force was applied. 

The presentations are generally vertex or of the face variety, and 
about a quarter breech, the latter classification including versions and 
footlings (Fig. 2). 

The condition of unequal pupils is probably overlooked in some 
cases, and is a most important symptom in that it means definite injury 
to the two lower cords of the plexus and the first thoracic nerve which 
have communicating bands with the cervical sympathetic, or injury in 
the spinal cord itself. The prognosis in these cases is usually not so 
good as in those which do not show this sign. 


T^TEs OF Paralysis 

There are generally recognized two distinct types of paralyses. The 
more common consists of a lesion which involves the fifth and sixth 
cervical roots and the suprascapular nerve, and produces a paralysis 
ot only the muscles of the upper arm, with the exception of the 
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and possibly the first thoracic as well. Here the whole arm is flaccid, 
there is a wrist drop and there is paralysis of the small muscles of the 
hand (Figs. 8, 9). There occurs also, although rarely, the pure lower 
arm type of paralysis, in which there is no involvement of the upper 
cords of the plexus, the so-called “Klumpke’s” paralysis. In these whole 

KEY: 

PWaV jv/omul 
= = Affrcted 


•2*^= Gone 



Fics 4, 5— Chart showinc t)pical upper arm tjpe of obstctncal paralysis 


arm cases the paralysis is usually the result of stretching the plexus 
(Figs. 10, II) from overextension of the arm in head presentation, and 
of injurj' to the lower cords of the plexus, namely, the seventh and 
righlh cervical and the first dorsal roots. The paralysis may at times be 
bilateral. It is in this t>T>e that one often sees inequality of pupils 
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supinators. This is known as the “upper arm type,” the 
naralvsis (Fios. t, 4> S)- The less usual variety, the so-called loner 
mm"^or “whole arm” type (Figs. 6 , 7 ). is the result of . "TO no 
only to the fifth and sixth cervical roots, but to the seventh and eigtiin 


Fio 1— Separation ot head and shoulder, with shoulder caught behind the p 
^Nagel ) , . is caught under 

Fio a — Stretching of nerves by oblique traction sshen the should 
the pubes. 


Fic. 3-UpP<f arm tyj* of obstetrical paralyse before operation Note inability to roUt* 
atm outwardly, to abduct, and to sui^ate Note flexion at elbow. 
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and possibly the first thoracic as well. Here the whole arm is flaccid, 
there is a wrist drop and there is paralysis of the small muscles of the 
hand (Figs 89). There occurs also, although rarely, the pure lower 
arm t^e of paralysis, in which there is no involvement of the upper 
cords of the plexus, the so-called “Klumpke’s” paralysis. In these whole 
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arm cases the paralysis is usually the result of stretching the plc-xus 
( Figs 10, II) from overextension of the arm in head presentation, and 
of injurj' to the lower cords of the plexus, namely, the seventh and 
eighth cervical and the first dorsal roots. The paralysis may at times be 
bilateral. It is in this type that one often sees inequality of pupils. 
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ganglionic plexus enter the spmal rard therefore, to te 

It times through the eighth cer«ca roots. InW, herelore^to 
roots leads to an uncontrolled stimulation ot the moto 
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fiGS 6, j—Typicsl lower or whole arm type of obstelrfcal patalysi® 


Conditions Resulting from Impairment of FtiNcn^^ 

Pathologicallyj in the milder cases, the stretching or peivfi 

in a greater or lesser degree of hemorrhage or edema into < ggfjj, 
sheaths. In others there may be a rupture of the pettneuxa 
accompanied by hemorrhage into the substance of the tier 
associated irith a tearing apart or a separation of the ner 
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This latter condition leads, of course, to a permanent impairment 
of function, and the formation of scar tissue in the nerve tract. 
In the more severe cases of the upper arm type there is a partial or 
complete division of the fifth and sixth cervical roots which leads to a 
more permanent form of paral3rsis than usual, and the formation of a 
more extensive area of scar tissue. 


Fics, s, 9 — Lower arm type o( obstetrical panlysis, showing right arm held in extreme 
internal rotation in attempted elex-ation, a characteristic position 




It has been sho\\-n that traction and the forcible separation of the 
head and shoulder put the upper cords, the fifth and sixth cervical 
roots of the brachial plexus, under dangerous tension. This tension is 
so great that the two upper cords stand out like violin strings Anv 
sudden force applied with the head bent to the side and the shJuIder 
neld would, without question, injure these cords. It has also been 
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shown that forcible abduction and elevation of the arm and shonlder 
put the lower cords of the plexus, the eighth cervical and first thoracic, 
on a stretch, and the application of much force may well lead to a 
tear, rupture, or other injury to these segments. This condition is seen 
in breech cases, with arms extended. It may also follow sudden strain 
when the arm is elevated, such as the so-called “hostler's paralysis,” 
caused by the sudden elevation and strain of the arm which occurs 
when a hostler holds a rearing horse* 

^Vhen the shoulder is held and the hCiid is carried to one side, 
with the clavicle intact, considerable force is necessary to injure the 



rela^on of brachial plctu$ Fra *o, bead and sl'oulder « 

SS the simth. Fra. tx, head 

up5v«Sf ’ sOetebed posuion of the plexus, particularly the 


always gives way first, apparently 

• • Tom traction. Rotation 

■ ’ ■ ■ *)nnnrent]v d065 nOf 

gfeuoy iin-ftaM. uie uegtee of tension on the plexus and certainly 
enough to cause add.Honal damage. West bfrth fractures occur fa ^ 
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Conditions Shown by X-Rays 

clavicle, or in the humerus, at about the junction of its upper and 
middle thirds. 

At birth, the shaft of the humerus is nearly wholly ossified, but the 
two extremities are cartila^nous. The scapula at birth is largely 
osseous, \vith the exception of the glenoid fossa, the coracoid and 
acromial processes, and the posterior border and inferior angle, which 
are still cartilaginous. It is on account of these conditions that frac- 
tures in these regions, at birth, are practically nonexistent. It is not 
possible to produce a paralysis of the Erb type by the fracture of any 
bone but the clavicle, and then the paralysis is due to the plexus injury 
itself, and not alone to the fracture (Fig. 12). 

Conditions Shown by X-Rays. — A study of roentgenograms taken 
in cases of obstetrical paralysis shows the following conditions; 
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Fic ij— Diipram of a brachial plexus. show,lnB Erb’s point (represented by a 
circle) and the shaded areas representing injuries v.hich occurred in lor\er arm, or 
whole arm, types 


First Year. — Bony deformity does not appear in the first year. 
There may be a slight posterior subluKation of the shoulder joint, 
out there is never any acromial deformity evident by roentgenograms 
or clinical examination. No case has been observed where the 
epiphysis has been displaced as far as could be seen by comparison 
With the normal shoulder. The epiphysis, as well as the shaft of the 
humerus is always smaller than the unaffected side, a condition which 
IS undoubtedly due to atrophy from disuse. The scapula is practically 
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shown that forcible abduction and elevation of the arm and shoulder 
put the lower cords of the plexus, the eighth cervical and first thoraric, 
on a stretch, and the application of much force may well lead to a 
tear, rupture, or other injury to these segments. This condition is seen 
in breech cases, with arms extended. It may also follow sudden strain 
when the arm is elevated, such as the so-called “hostler’s paralysis," 
caused by the sudden elevation and strain of the arm widch occurs 
when a hostler holds a rearing horse. 

WTien the shoulder is held and the head is carried to ope side, 
with the clavicle intact, considerable force is necessary to injure the 



plevus. The ^uprnscap^la^ ncr\'e always gives way first, 
because U has not so much freedom of play as the others. A frac- 
lurc-d clavulc of course alW the weght J the shoulder to drag on 
the plexu. and -<> pred|‘-pr,scs to greater mjurv from traction Rotation 
of the head comb.ned «uh forcible abiiuctmn apparently does no 
greatly merca-r the degree «f tension on the plexus and certainly not 
enough to rau^e add.i.onaJ damage M,«t birth fractures occur in the 
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X4 — X-ray of case of obstetrical paral)'sis, showing secondary deformity resulting 
from dislocation of bead of radius 
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always elevated and outwardly rotated, due apparently to the pell 
of the intact inward rotators and the levator anguli scapulae. 

Later Years. — A s time goes on and the child gets older, one be^ns 
to sec increasing evidence of bony deformity, ^ S'e leva- 

subluxation than at first, increasing outward d.splacemen^ndd^ 

tion of the scapula, and acromial deformity. The defo y 





’ 13 — X-ray showing bony deformity of the shoulder 1 °'”* 

MS of the upper arm type, marked hooking or elongatiori ol ttie j the 

• - • subluxation of “ ' **■' 


Fic 

paraly; .. 

eloncation of the coracoid process, and posterior subluxation 01 J befof* 
humerus At operation both these bony obstructions had to be rc"* 
subluxation could be reduced 


acromion consists of a bending downward and forward, or a 
of its outer end, xvhich, apparently having no bony resistance 
as normally in the head of the humerus, projects downwara * 
of the posteriorly subluxated and inwardly rotated head jM”jsub* 
This hooking seems to vary directly w’ith the degree of pos e . 
luxation and inward rotation of the humerus, and tends to > 
as the child gets older, provided subluxation is present. 
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of the upper arm type: The arm lies limp at the side, is extended, 
and is inwardly rotated with complete inability to abduct, elevate, 
outwardly rotate, or supinate (Fig. 15). The muscles paralyzed in the 
typical upper arm type are as follows: deltoid, supraspinatus, infra- 
spinatus, teres minor, biceps and supinator longus, and occasionally 
the serratus magnus, coracobrachialis and supinator longus. The arm 
cannot actually be flexed at the elbow, but as a rule the lower arm 
is not affected so far as flexion and extension of the fingers go. 

Shoulder. — The inability to raise or abduct the arm at the shoulder 
is due to the paralysis of the deltoid and supraspinatus. Outward rota- 
tion cannot be accomplished because of the paralysis of the infra- 
spinatus and teres minor, and the arm cannot be internally rotated 
because the internal rotators — namely, the teres major, the subscapu- 
laris, and the latissimus dorsi — are already fully contracted due to 
lack of opposition (Figs. 16, 17)- 

Elbow, — ^The arm cannot be flexed at the elbow owing to the 
paralysis or weakness of the biceps; brachialis ahticus, .coracobra- 
chialis and supinator longus, and supination cannot be carried out 
because of the inward rotation in which the arm is held, and the 
weakness or paralysis of the biceps and supinator longus or brevis. 

Sensation. — In regard to sensation, it may be stated that it has 
been impossible in early cases to determine any changes from the 
normal on account of the age of the patient. During the first week in 
early cases, the child may cry if the arm is handled or moved, espe- 
cially in abduction, but this soon disappears. In one or two cases 
some swelling and tenderness have been noted by palpation over the 
plexus above the clavicle. This condition, however, apparently has 
no connection with the degree of paralysis present. The hand grip is 
usually good, and the child flexes and extends the wrist and fin- 
gers well. 

Later Developments. — The later developments in the upper arm 
cases, as the child grows older and develops, with or without exercises 
and massage, are as follows: The persistence of the inward rotation 
and adduction deformity; the so-called “policemen’s tip” position; the 
inability in most cases to supinate fully or freely, the inability to get 
the hand to the mouth, without raising the elbow, due to inability to 
rotate outwardly; and the inability to put the hand to the head or 
behind the back. 

Typical Lower Arm Conditions. — In the lower arm type, all these 
conditions hold besides the additional ones due to the paralytic condi- 
tions of the lower arm and hand, resulting generally in a useless 
uanghng arm (Fig. r8). 
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Dcjorynity at Elbow . — Contraction of the biceps and brachialis 
anticus always leads to some degree of permanent flexion deformity 
at the elbow, and not rarely to a sublwxalion or even a complete dislo- 
cation of the head of the radius (Fig. 14). Persistence of marked lop 
of power in the triceps is not uncommon and may be a factor in 
causing this condition. 

Roentgenograms of the elbow practically never show any bony 
change of importance. 

It has been suggested that the flexion deformity is due to the conse- 
quent change in shape or depth of the olecranon fossa, which conse- 



Fics. 16, 17 Picture showing elongation of the acromion on the affected side- 


quently acts as a bony block to full and free extension. This /s not s«; 
the Imutation is wholly due to contraction of the anterior elbo 
muscles and can be corrected only by a subperiosteal lengthening 

“ by a le^thening of the biceps tend^ 
" tumbuckle splint might occasionally 

accomplish the same thing. 

Typical Upper Arm Conditions._\Vhen the child is first seen, if 
nithm a fen days or weeks after birth, the following picture is clasaol 
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or adduction of the hand. These cases, almost without exception, 
represent severe tearing injuries to the roots of the plexus, and 
although some of the muscles may recover in part, particularly the 
upper arm and shoulder groups, the lower arm cases practically never 
recover, even after attempted operative repair of the plexus. It is in 
these cases that sensation is more apt to be impaired than in the 
usual upper arm type. 



Fig i9_Plaster cast to hold arm abducted, elected, outwardly rotated and supinated 


Treatment 

First of all, the use of electricity plays no part in the treatment of 
these cases. All kinds have been tried and all have been eiven iin ns 
wasteful of time and effort. b 'en up as 



10 rchipur 10 
Lvolum# U 


Obstetrical Paralysis 

Atrophy. — Atrophy of the muscles in these cases of obstetrical 
paralysis is never very marked except in some cases of the lower arm 
type. One never sees the extreme atrophy so noticeable in cases of 
infantile paralysis. This lack of marked atrophy Is undoubtedly due to 
tne fact that the nerve impulses are rarely fully blocked; thus the 
muscles practically never, except in rare cases, wholly lose their entire 
innervations. Some normal nerve impulses pass through the scar tissue 
at the site of the lesion, owing to incomplete destruction or injury of 
the nerve, and so keep the muscle tone up to a certain point, There is 
always a definite shortening of the arm in all cases, however, due 
probably as much to nerve injury as to lack of use. 

Nerve Involvement. — In the classification of the .whole arm or 
lower arm tyrpe are placed those cases which show any nerve involve- 



Fio. iS-TVpical case of lower arm type of obstetrical paralysis Note paralysis and 
contracture of hand. 


™ 'he fifth and sixth 

fissure are not unni! f and narrowing of the palpehra 

associated with 'hfe 'YPe. Wrist drop is the usual condition 

bility to extend the inability to supinate, and the additional ma- 
the wrist SngtsT/o"™- of the flexors and extensors of 

of the intrinsic muscles tb °b’ x"* paralysis and atrophY 

hyperextended, and tL d'ie'tol Often the proximal phalanges arc 
interossei or lumbricales m,! paralysis of th 

and the fingers cannot is, of course, no power to gnp 

fe cannot be moved. There is usually ulnar displacement 
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The treatment tit once resolves itself into two divisions: i.e., (hose 
to be treated with massage and exercises, principally those of the upper 
arm type; and those to be treated by operation on the plexus, usually 
those of the lower arm type. Unless the early treatment has been 
adequate, the upper arm type will also come to operation, not to repair 
the plexus, but to correct contraction deformities. This operation, 
which has been devised by the author, will be discussed later. 

At first, in order to prevent contraction of unparalyzed muscles, 
it is best to put the arm at rest in a position where such muscles 
cannot become contracted. This may be done by holding the arm in a 
plaster cast (Fig. ig), or by using a light wire splint, in an abducted, 
elevated and outwardly rotated position, with the hand supinated. 
This position should be maintained between massage and gymnastic 
treatment, because it insures a better subsequent position of the arm 
It also takes the drag off the paralyzed muscles, allowing them to 
regain their strength more quickly, and prevents subsequent shoulder 
joint deformity, such as subluxalion and acromial hooking. 

Massage and Exercises. — ^Afassage and exercises are of the 
greatest irnporlance and should be carried out daily if possible. It is 
most unwise to allow a child to become obsessed with the idea that 
it has an arm which cannot be used. The mother is instructed to dress 
the paralyzed arm first but to undress it last. She is told that each time 
she takes up the baby, for nursing or other reasons, she sbouW 
straighten out the fingers and wrist and supinate the forearm, a 
shown. Later she is shown how to abduct, outwardly rotate, an 
elevate the arm. One has to be guided by the inieJIigehce and adapta- 
biiity of the mother as to when it is wise to' lillow her to perform 
these motions. A very good rule to give her is that she is not to do 
anything with the affected arm that she does not see the well arm do* 


Passive and Active ExERasEs.~The rhythm of exercise is of ut- 
most importance. One will find the singing of nursery rhymes while 
con uc mg the exercises advantageous in developing rhythm and m 
preventing the child from tiring of the exercise. Any suitable rh^a 
my be used, but must be sung with life and enthusiasm so as to im- 
press upon the baby the association of the song or rhyme and the 
movement. It is surprising how early the child learns the association ot 

method, take the flexion and extension exer- 
finSrl natural for a baby to play with its 

hanS' child from the beginning that it has two 

Lgers and working^ up'‘\he°ar^"^ "^faVis 

b K up me arm and over the scapula, massage i> 
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given to increase the circulation and nutrition. Then each finger and 
thumb, first separately and then collectively, is extended and flexed, 
at the same time some kindergarten or nursery song is sung, such^; 

This is little Tommy Thumb, 

Round and fat as any plum. 

This is little Peter Pointer (index), 

Surely lie’s a double jointer. 

This is little Toby Tall (middle finger), 

He’s the biggest one of all. 

This is little Ruby Ring (fourth finger), 

She’s too fine for anything. 

And the little xvee one, ^laybc (fifth finger), 

Is the little finger baby. 



Fig. jj For abduction at shoulder (with palms turned up, arm extended sidc^' 

Then collectively: 

The little birdies in their nest 
Go hop, hop, hop, hop, hop. 

They try to do their very best 
And hop, hop, hop, hop, bop. 

This 1^ just an example of flexion and extension exercises for th® 
fingers. To tram the extensors of the wrist we sing: 

This way, that way, blows the weather vane, 
inis way, that way, bloii'S and blows again, 
turning, pointing, ever showing, 

HOW the merry wind is blowing. 

The emphasis is, of course, always put on the motion necessary 
to train the weaker muscle. 
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Fic *4 — Elevation of arm, starting po- 
sition for “Yards of ribbon” and "Ready, 
rockets ” 

Fig 25 — Elevation of arm: “Ready, 
Shoot fast ” 

Fig 26 — For elevation and abduction of 
all shoulder group muscles This is the 
same as arms upward stretch: “Shoot ” 


, Obstetrical Paralysis 

1 Q rciiiptep 10 
■lO Lvolame II 

For the supinators (Figs. 21, 22), sing. 

Roll over, roil over, so merry »P'' ''“t 
Jly playfellows dear, come join in my glee. 

Try to have the child meanwhile actively supinate, assisted, cl couist, 

if necessary. 



Fio. 27 — For abduction at shoulder. "Pump the water, 


For flexion and extension at the elbow to exercise the hi P 
triceps, sing: 

Up, down, up, down, 

This is the way ive go to town, 

UTiat to buy? To buy a fat pig, 

Home again, home again, rig-a-gig-gig* 


and 
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Of course, at first, and for a long time, one must not only actively 
assist the child with these exercises but must also perform them while 
the child is passive. 

For abduction at shoulder, the position shown by Figure 23 is used, 
except that the 'forearm is supinated. With the exercises, sing: 

One yard of ribbon. 

Two yards of ribbon, 

Three yards, four yards, 

And tie a big bow on your hair. 

elevation of arm (Figs. 34, 25, 26), sing: 

Ready, rocketsl Shoot! 

Repeat six or eight times. This is the same as arms upward stretch. 
Starting with the arms bent or flexed at elbow, stretch straight above 
head with palms facing each other. This is for exercise of all shoulder 
group muscles concerned in elevation and abduction. 

For abduction at shoulder, hold the arm externally rotated, semi- 
flexed at the elbow, with forearm supinated. Bringing it to full abduc- 
tion and then to body, somewhat after the manner in which the old- 
fashioned pump worked (Fig. 27), sing: 

Pump the water, pump the water, 

Pump, pump. pump. 


The exercises for the upper arm and shoulder may be carried out 
with the child lying on its back; or if an older child, it may sit up 
with its back against a straight chair or wall. The scapula should 
always be controlled by direct hand fixation. 

For external rotation hold the forearm flexed at right angles, wth 
forearm supinated and upper arm close to the body of the child (Fig. 
28). Then carry it back till the thumb touches the table (Fig. 29), 
and returning to starting position, describing a semicircle down\>’ard 
3o)» sing: 

Grind the coffee, grind the coffee. 

Grind, grind, grind. 

^\'hile circumducting the arm, sing: 

Crank the auto (up), 

Crank, crank, crank. 


This exercise stretches the adductors and internal rotators at the 
shoulder. 

This covets all the motions ot the upper extremity. Each case re- 
quires special emphasis on diHerent motions. This rests with the 
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For the supinators (Figs, it, 22), sing: 

Roll over, roll over, so merry and free, 

^ly playfellows dear, come join in my glee. 

Try to have the child meanwhile actively supinate, assisted, of course, 
if necessary. 



Fio. 27— For abduction at shoulder: “Pump the water,” etc. 


For flexion and extension at the elbow to exercise the biceps and 
triceps, sing: 


Up, dotvn, up, 


down 
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condition of the arm, and must be left to the operator’s judgment, 
or the doctor’s prescription for treatment. 

When one finds a contracted pectoral, subscapularis, or teres major, 
one must be sure to fix the scapula while elevating and externally 
rotating the humerus. A contracted pectoral in a baby may be over- 
come by faithful treatment. The older babies and children seen (one 
to twelve years) usually have contractures of the pectoral, subscapu- 
laris, and teres major, and occasionally of the pronator radii teres. 
These cases, in addition to the treatment described, are put up in a 
ware splint, which fits over the pelvis and holds the arm in position of 
external rotation, semiflexion and supination. These children should 
be given the exercise of hanging on stall bars, or a trapeze. 

Whole or Lower Arm . — In the whole or lower arm type, it is advis- 
able to give three months’ treatment, and if the fingers do not then 
show a tendency to recover, it may be well to explore the brachial 
plexus and repair the nerves if possible. These cases are most dis- 
couraging. No improvement is hoped for before a year. I have seen 
a few of these babies begin to have the slightest amount of flexion of 
the fingers in from six to twelve months, and very slowly improve. 
By the end of the third year, they are beginning to build blocks. It is 
the feeling of nearly all the medical profession that it is useless to do 
any nerve surgery in these cases. When these children begin to get 
motion in their fingers, they are taught to build with blocks (using col- 
ored blocks two inches square), put large colored pegs in a pegboard, 
and string beads (the large colored kindergarten beads). A child suf- 
fering from upper arm obstetrical paralysis can be taught to build 
blocks as early as five or six months, provided its training has been 
started early. After the exercises, the child is again given the arm 
massage to rest the muscles. 

Children naturally are imitators and live in the land of make-believe. 
If the operator, when treating a child between two and six years, has 
sufficient sympathy with him, she will find him of the greatest help 
in improvising games. All she will have to do is to direct the execution 
of the movements so as to bring into play the muscles which she 
wishes to develop. \\Tien treatment has not been started until after 
the child is a year and a half old, the first thing the operator must 
do is to gain its confidence. Once this is accomplished, there is pretty 
clear sailing. She should never deceive a child. With tact, sufficient 
patience, and sympathy, she can get it to tr>’ everything, and to allow 
her to exert considerable strength in stretching contractures. 

The treatment should be continued for several years at least and 
if contractures develop in the subscapularis and pectoralis rnajor 
they must be divided before any further range of action in the arm is 
to be hoped for. 


Author’s Operation.— ’Technic— A n incision is made on the an- 
terior aspect of the arm, beginning at the lip of the acromion and 
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condition of the arm, and must be left to the operator’s judgment, 
or the doctor’s prescription (or treatment. 

llTien one finds a contracted pectoral, subscapularis, or teres major, 
one must be sure to fix the scapula while elevating and externally 
rotating the humerus. A contracted pectoral in a baby may be over- 
come by faithful treatment. The older babies and children seen (one 
to twelve years) usually have contractures of the pectoral, subscapu- 
laris, and teres major, and occasionally of the pronator radii teres. 
These cases, in addition to the treatment described, are put up in a 
wire splint, which fits over the pelvis and holds the arm in position of 
external rotation, semiflexion and supination. These children should 
be given the exercise of hanging on stall bars, or a trapeze. 

Whole or Lower Arm . — In the whole or lower arm type, it is advis- 
able to give three months’ treatment, and if the fingers do not then 
show a tendency to recover, it may be well to explore the brachial 
plexus and repair the nerves if possible. These cases are most dis- 
couraging. No improvement is hoped for before a year. I have seen 
a few of these babies begin to have the slightest amount of flexion of 
the fingers in from six to twelve months, and very slowly improve. 
By the end of the third year, they are beginning to build blocks. It is 
the feeling of nearly all the medical profession that it Is useless to do 
any nerve surgery in these cases. When these children begin to get 
motion in their fingers, they are taught to build with blocks (using col- 
ored blocks two inches square), put large colored pegs in a pegboard, 
and string beads (the large colored kindergarten beads). A child suf- 
fering from upper arm obstetrical paralysis can be taught to build 
blocks as early as five or six months, provided its training has been 
started early. After the exercises, the child is again given the arm 
massage to rest the muscles. 

Children naturally are imitators and live in the land of make-believe. 
If the operator, when treating a child between two and six years, has 
sufficient sympathy with him, she will find him of the greatest help 
in improvising games. All she will have to do is to direct the execution 
of the movements so as to bring into play the muscles which she 
wishes to develop, treatment has not been started until after 

the child is a year and a half old, the first thing the operator must 
do is to gain its confidence. Once this is accomplished, there is pretty 
clear sailing. She should never deceive a child. With tact, sufficient 
patience, and sympathy, she can get it to try everything, and to allow 
her to exert considerable strength in stretching contractures. 

The treatment should be continued for several years at least and 
if contractures develop in the subscapularis and pectoralis major 
they must be divided before any further range of action in the arm is 
to be hoped for. 


Author’s Operation. — Technic. — ^An incisk 
terior aspect of the arm, bepnning at the lip 


of the acromion ; 
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carried down to below the insertion of the pectoralis major (Fig. 31). 
The cephalic vein is found generally in the outer edge of the ^ound 
and tied or drawn aside. The tendinous insertion of the pectoralis 
major is defined, raised on an instrument, and divided all the way 
across. The pectoralis major muscle is then retracted inward ou^f 
the way, giving one a clear view of the axilla and shoulder joint. The 
arm should now be abducted fully and rotated outward as far as 
possible. • . , 

Following the division of the pectoralis major, the range of motion in 
abduction will be greatly increased. Outward rotation will, however, 



of Sctoral a™ i"'* “oJalion of pectoralis major. Cephalic vein at 

maMon abducted and rotated ourinsert shoN« position of arm and lia* 


- f“''y ‘>'»lucted and 

Thk of «■= corncobrachialis >s “ I' 

Th^Snln of td™ '"¥'*“'0" fto coracoid process of ‘be 
scanuliris It is ^¥°''™f’'’onl>ialis obscures the insertion of ® 

corLWacbla,is"fr‘^r.t'-c„”S^^^^^^ 

■s generally much elongated, by means of an osStomy. This alIo'« 
the coracobrach,al.s to slide dovmrvard out of fte way and gives 
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a much clearer field to see the insertion of the subscapularis, which 
then comes into view. Just below this latter tendon are always found 
two or three small veins running parallel to the lower edge. 

The best way to divide the tendon is to pass under it some blunt 
instrument and so define it. It is of the utmost importance that the 
shoulder Joint should not be opened (Fig. 32), The tendon of the 
subscapularis should always be identified and lifted up before it is 
divided. Blind cuts along the capsule do more harm than good and 
should never be made. Following the division of the subscapularis the 



Fic 3J— Sound under subscapubr icndoo The pcctorahs major has been divided The 
j'oint capsule shows at bottom of cavity. 


outward rotation and the abduction are entirely free. If at this stage 
there is still some subluxation of the head of the humerus which 
cannot be fully reduced, an osteotomy of the acromion should be 
performed and the loose distal piece either removed or tilted up to 
allow the head of the humerus to slip back into the glenoid. The 
wound is then closed with a few stitches uniting the fascia and a silk 
stitch through the skin. No drainage is required. Usually very little 
Weeding takes place. The arm is then placed on a wire splint which 
holds 11 elevated to or above the shoulder level, abducted and fuliv 
rotated outwardly «dth (he hand in fu« supination (Figs 33 34) 
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carried dornt to below the insertion of the 

The cephalic vein is found generally in the ^ctoralis 

and tied or drawn aside. The «”d.nous insertion of 

major is defined, raised on an '"f 

across. The pcctor.a!is major muscle is then The 

the way, giving one a clear view of the axilla and j ^ 

arm should now be abducted fully and rotated outward as tar » 

'’°Fdloiving the division of the peclorMis ni.ajor, 
abduction will be greatly incrcriscd. Outward rotation , 



be somewhat limited. With the arm fully abducted to be 

rotated, the insertion of the tendon of the coracobracniajjs 
defined. This tendon is inserted on the coracoid process ot s gyb- 
The tendon of the coracobrachialis obscures the insertion o ^ 
scapularis. It is, therefore, necessary to separate the i,j)dreo 
coracobrachialis from the coracoid process, which in gUoivs 

is generally much elongated, by means of an osteotomy. ^ j,ne 
the coracobrachialis to slide downward out of the way and gives 
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At the end of ten days’ massage baking and 
arc continued daily, or at least lour t.mcs a week. The spun 
be worn night and day tor at least and 

The operation merely releases fw^tone and strength, 

partly paralyzed muscles a chance to tK utmost importance, 

and consequently the advantageous to divide 

In a certain number of ea^ il has beeri imi contracted and, 

the pronator radii teres. Thrs muscle “ tends to cause 

unless released, it helps to irrevem tree he found and 

the recurrence of its hnirtation. ^rs ^ subsequent to the 

divided by another incision on the upper forearm, s 4 
shoulder operation. ^ 


Fics 33. 34 — Splint used after operation Fw. 33> ' 

Experience has shown that the operation on atm 

usual upper arm type of case is unnecessary. In the strongo 

of ease, the situation is quite different. Also, it cannot use 

emphasized that no operation on the plexus will be oi 
in restoring functional activity to the arm, unless co ^jjsted 
restricting muscles are divided, and careful after-treatm 
in for a long period. ple^' 

In the lower arm type of case, operative treatm^t on jr 

has been done a number of times without any benefit, ih 
all cases was found to be so badly torn, and so bouno 
invaded by scar tissue, that no kind of repair was possible. 
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are continued dallyfor aTlc”f foufr® 

be scorn night and day for ^P""' 

<be pronator radii tores advantageous todiviJe 

unless released, it helns in HJ. ‘a °ften much contracted and, 

the recurrence of its UmitnlinT'ri-^'^^'’ and tends to cause 

divided by another inrMnn .T*“® may easily be found and 

shoulder operation upper forearm, subsequent to the 


_ ^ 

riCS jj ^Crsf' 

usod af,„ 

usuai up^i arj„ tyM°o”e?^'. *bn operation on the plexus in the 
^^’.'be situation is unnecessary. In the lower arm type 

,!™Pbasized that no ope?i(l„*®'”f"‘- i‘ cannot be too strongly 
'nnctional ac ?,!-.™ ‘be plexus svilj be of any great "« 
in fnr''''? nmscles are divirf *” ***0 arm, unless contracted and 
/n tu ’f"® P®"od and careful after-treatment persisted 

in the lo\ver arm 

alfXfJ' numfe of,;'?"'’ “perative treatment on the plexus 

inva?eTh''“ to be so any benefit. The plexus in 

invaded by scar tissue, that no r*”"’ and so bound down and 
' ncl of repair was possible. This may 



CHAPTER ELEVEN 


PHYSICAL THERAPY IN' THE PREVENTION AND 
CORRECTION OF CERTAIN DEFORMITIES AND 
DISABILITIES OF THE EXTREMITIES 
Philip Lewin, M.D., F.A.C.S. 


Introduction 


This chapter was written from the viewpoint of an orthopedic sur- 
geon. The specialty of orthopedic surgerj' cannot be easily defined. 
I have diagrammatized the definition as follows: 


Prevention I 

and Vof Deformity 
Correction J 


Orthopedic Surgery is the 
Science of the 


J and the 
1 Preservation ] 

I and [of Motor Function 
[ Restoration J 


As an example of a disease which involves every factor in this 
definition, I would cite infantile paralysis. If deformity is not pre- 
vented it must be corrected; if motor function is not preserved it will 
have to be restored. Physical therapy is one of the most valuable 
agents in the preservation and restoration of motor and locomotor 
functions. 

The scope of this chapter includes conditions caused by congenital, 
traumatic, infectious, neurologic, circulatory, metabolic, endocrine, 
neoplastic and miscellaneous factors, in so far as they have not been 
discussed in other chapters. 

Speaking in general terms, the orthopedic surgeon is partial to the 
followng physical therapy measures; rest, traction, temporary immo- 
bilization, support, radiant heat, gentle massage, active motion, under- 
water gj’mnastics, sinusoidal current and diathermy. 

The reader is concerned with knowing and understanding, and the 
orthopedic surgeon wlh discussing, the indications for the use of 
physical therapy agents, in what conditions physical therapy is indi- 
cated, when to start, ^\hcn to stop, what to prescribe and when not to 
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have been due to two things: first, to the fact that it was impossible 
to repair the plexus; and second, to the fact that, granted that the 
plexus repair was in part possible, the muscular contractures and joint 
deformities were not recognized and properly treated, without which 
the plexus repair would be a waste of time and effort. 

Value of Operation. — The prognosis in all upper arm types of 
cases is good, provided the case is watched from the start and the 
treatment is properly carried out. Practically all patients with upper 
arm paralysis are able to raise the arm to the shoulder level and can 
use the hand and lower arm well, except for varying degrees of supina- 
tion (Fi^. 35, 36, 37). Abduction and outward rotation are rarely 
regained without division of the contracted muscles, provided they 
have been allowed to contract. 

In the lower arm type, the outlook is not so good, although many 
of the cases regain use of the upper arm in spite of the persistent 
paralysis of the lower arm and hand. These cases should all be ex- 
plored for repair of the plexus as far as possible, but even then very 
little hope can or should be held out to the parents. The general pnn* 
ciples of treatment should, however, be carried out over a long period 
of time. Much can be done along orthopedic lines for these cases, 
i ney should not be generally neglected as they have been in the past, 
with the statement that nothing can be done, or that they will get 
well without treatment. 



A technician may be compared to an efficient midNvife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows; 

1, The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

5. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 

Trauma 

Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 

In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calcis in a normal indi- 
vidual. As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 
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employ physical therapy. It is veiy important to know what procedure 
to follow in the case of partially or completely stiff joints. One must 
determine whether rest or movement is indicated. He must determine 
what type of rest, how long it is to be continued, whether it is to ^ 
intermittent or continuous, or whether it should be accomplished by 
posture in bed, sandbags, slings, traction, splints, braces or plaster-ol- 
paris casts. If movement is indicated, what type of movement, at what 
intervals it is to be carried out, when it is to be started, and what are 
the danger signals. Wien in doubt, one may try movements very wu- 
tiously and at infrequent intervals. The reader is referred to other 
chapters on this subject and to the writings of Sir Robert Jones, 
Physical therapy is more closely associated ivith orthopedic surgeiy 
than with any other branch of medicine because the orthopedic s 
geon employs physical therapy in almost all his work. He ° ’ 

keenly interested in the progress and development of physical 
No orthopedic surgeon tc^ay can secure perfect results withou 
use of physical therapeutic agents. If this statement is true ^ 

the orthopedic specialist, one can readily understand how . j 

important it is to the general practitioner who is so often con 
wth these same conditions. , , the 

Physical therapy aims primarily at treating the pathology, 
etiology, of diseases, deformities and disabilities. nVwsical 

Various orthopedic conditions in which the treatment ot 


jiuons III wiiiwii iJic ^ 

therapy may be of benefit arc lumbago, sciatica, inj 

bursitis, scoliosis, poliomyelitis, spastic paralysis, brachial pa /j 
dustrial conditions of the bones, joints and nerves, and distuio 
of the back, knee, shoulder and other regions. 


The treatment should be under the supervision of 
surgeon. The cooperation of the patient is of paramount imp 
because so often the treatment is long and tedious. ^ , v nrls of 

The administration of physical therapy should be in -Uy 

a trained individual. By that is meant one who not only jhoTO^s ,? 
understands the technic of all branches but has had in addition m 
cal training, in order to direct the treatment intelligently and to PF 
ciate the dangers that may result from ignorance or from er 
omission and commission. . . 

Physical therapy is an important therapeutic agent but it 
limitations, and unless it is used with discretion much harm may 
done, and a valuable adjunct in the treatment of many 
medic^ conditions, especially orthopedic, may be lost to use, 

Its falling into bad repute either as a result of exaggeration and 
warranted claims or of ill-advised or improper administration. . | 
should understand the principles of P. J 
m should understand the technic sufficiently well to be ^ 

to supervise the administration ercti when given by a 
S "as phyJiaUheraS^ is used as a curative 

agent as well as to restore or improve function. 
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A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products, 

3. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 

Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 

In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calcis in a normal indi- 
vidual, As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 
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employ physical therapy. It is very important to know what procedure 
to follow in the case of partially or completely stiff joints. One must 
determine whether rest or movement is indicated. He must determine 
what type of rest, how long it is to be continued, whether it is to he 
intermittent or continuous, or whether it should be accomplished by 
posture in bed, sandbags, slings, traction, splints, braces or plaster*of* 
Paris casts. If movement is indicated, what type of movement, at vrhai 
intervals it is to be carried out, when it is to be started, and what are 
the danger signals. AMien in doubt, one may try movements very cau- 
tiously and at infrequent intervals. The reader is referred to other 
chapters on this subject and to the writings of Sir Robert Jones. 

Physical therapy is more closely associated with orthopedic surgery 
than with any other branch of medicine because the orthopedic sur- 
geon employs physical therapy in almost all his work. He is, therefore, 
keenly interested in the progress and development of physical therapy. 

No orthopedic surgeon today can secure perfect results without 1 e 
use of physical therapeutic agents. If this statement is true concernn'& 
the orthopedic specialist, one can readily understand how much more 
irnportant it is to the general practitioner who is so often confron 
with these same conditions. 

Physical therapy aims primarily at treating the pathology, not 
etiology, of diseases, deformities and disabilities. , . i 

Various orthopedic conditions in which the treatment of pnysi^ 
therapy may be of benefit are lumbago, sciatica, brachial neuriHs, 
bursitis, scoliosis, poliomyelitis, spastic paralysis, brachial 
dustrial conditions of the bones, joints and nerves, and distutoa 

nf th#x ..1 ij j /xi. s 


hack, knee, shoulder and other regions. , 

The treatment should be under the supervision of the 
surgeon. The cooperation of the patient is of paramount 
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Defuse so often the treatment is long and tedious. 


The administration of physical therapy should be in the hands o 
a trained individual. By that is meant one w’ho not only 
understands technic of all branches but has had in addition m 
cal training, in order to direct the treatment intelligently and to app 
ciate the dangers that may result from ignorance or from error 
omission and commission. 

therapy is an important therapeutic agent but it J 
it is used with discretion much harm may 
a valuable adjunct in the treatment of many surgi^J 
medicml conditions, especially orthopedic, may be lost to use, throug^ 

^ a result of exaggeration and u 

warranted claims or of ill-advised or improper administration. . 
very physician should understand the principles of phy . 

S'srerwd tech«-c sufficiently .veil to be ab e 

to supervise the administration even when riven by a compete 
P&toafy is use^^i as a curab.e 
agent as well as to restore or improve function 



Trauma 


Chapter 111 O 
Voluin® IlJ ^ 

A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

3. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 

Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 

In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ales a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calcis in a normal indi- 
vidual As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 
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Forms or Therapy 

All forms of therapy, or treatment, can be divided into four types, 
viz: 


1. Medical 

2. Surgical 

3. Mental 

4. Physical 

All forms of therapy not included in the first three must, therefore, fail 
into Class 4. 

Class 4, or physical therapy, includes the following: 

1. Rest 

2. Heat — thermotherapy 

3. Fever therapy 

4. Massage 

5. Hydrotherapy 

6. Electrotherapy 

7. Heliotherapy — phototherapy — actinotherapy 

8. Mechanotherapy including the respirator 

g. Medical gymnastics — exercises, swimming, underwater gy 
nasties 

10. Occupational therapy— curative workshop 
rx. Support 

12. Immobilization 

13. Manipulative therapy 
14* Aids in locomotion 

Electrical apparatus is overrated and used frequently ^ 
time and manual labor. No one method is a cure-all or advisau 


every case. ^ 

There ate indeed very few practitioners of medicine and 
who have sufficient information to advise the physical therap 
actly what to do for their patients. They should, however, staic 
diagnosis, the pathology and the reason for sending the 
physical therapist, telling him ■what is desired in the way of tr 
of the pathologic condition and whether it is an atrophy, an nyF 

trophy, an exudate or whatever it may be. , .-H.-ttion 

In prescribing physiol therapy, one should consider the s 
anmogous to sending a prescription to the druggist. 

Daily treatment may be too frequent. , .toriov, 

Many patients do not do well under ambulatory physical therau» 
who would, if they were recumbent 
Advice to the physical therapist: 

Do not try to cure the patient in one or a few treatments, 
cannot often be done. 
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Do not discuss other cases or other doctors with patients or 
doctors. 

Do not talk too much. 

Do insist upon knowing the pathology. 

Do carry out the doctor’s orders like a druggist would fill a 
prescription. 

Beware of deep massage over hairy areas in cases of myositis of 
the neck and lower back. 


The physical therapist too often uses his or her own hands instead 
of encouraging the patient to use his or her own muscles and move his 
or her own joints. 

The importance of the early application of physical methods of 
treatment is becoming increasingly appreciated. It is important that 
physical therapy should be applied only by those qualified to do so by 
special training and experience. A knowledge of anatomy and physi- 
ology is fundamental. Much harm can be done and unfavorable 
criticism broadcast by misapplied physical therapy. 

3?est. — Rest includes rest in bed Rest to the body and limb is 
accomplished by the use of casts, splints, braces, frames and sandbags. 

Bed — Recumdency. — Most mattresses sag in the middle, from the 
sides and both ends. For that reason, they should be made rigid by 
inserting boards or a wooden frame between the mattress and the 
spring. In some cases, a double mattress is desirable with the boards 
or wooden frame under the lower mattress. This is of considerable 
value in back and leg cases, especially for those patients who are in 
plaster of paris. 


HczX.^ThcrmotheraPy is the application of heat or cold or both, 
alternately, as a means of treatment The chief agents are dry heat, 
moist heat, cold, and alternate heat and cold. The methods of adminis- 
tering these agents are as follows: 


Dry heat 


Hot W’ater bag 
Hot sand 
Hot brick 
Electric pad 

Electric lights — cabinet — baker 
Hot metal flask 
Hot chemical bag 
Hot air blower 

fHot baths 

Hot applications with or without druus 
[Steam baths ® 


Moist heat 
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{ Ice bag 
Cold applications 
Cold air blower 

Contrast heat 
and cold ’ . 

Applications 

Heat may be produced by ointments^ liniments and plasters. 
Plasters, adhesive and bandages serve to retain the patient*s own 
heat. 

Pilocarpine, Mo of a grain hypodermically, is frequently used in 
connection with heat in order to induce early perspiration. 

The chief indications for thermotherapy are sprain, strain, fibrositis, 
myositis, arthritis and after various traumas. 

In discussing radiant heat, Putti contrasts the effect of diathermy 
and the spirit lamp. He believes that the so-called Bier box, which 
consists of a wooden case containing a current of hot air produced by 
a spirit latnp, is superior to diathermy. He believes that the beat which 
produces this type of active hyperemia is the most effective form of 
physical therapy in the treatment of infectious or traumatic inon* 
articular arthritis. Under the action of intense heat the pain diminishes, 
relax, and the joint becomes more mobile. 

^ “utti emphasizes the importance of active hyperemia. The mecna* 
nism y which hyperemia acts is a complex one and not complct®y 
understood. Vasodilatation, by activating the interchange of Wy 
P""” defense, contributes to the neutrato- 
° stimulates the processes of repair and, by an inhibitory 

endings, reduces the pain. 

Russian room is one which is provided with live steam 
7t<s beneath a table through perforated metal pip^s. 

tion Th ^ is the production of increased cutaneous elinuna 

tion. The same holds true for the electric light cabinet. 

I have seen the paraffin wax bath used » 
Armour It Northern Hospital in Liverpool by Mr- 

temperature nf tn^^^ especially in industrial hand and foot cases. 

rs^^pit it^?r\&-i"‘ 

tu^rculous painfuT ‘'rS .h'?"™TAiioKs. — In the treatment of non- 
used in coniunctinn ’ Ihe application of an anodyne ioti , 

my favorite lotion has the f„I,„;rf„g 
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B Tinct. opii 3° 

Liq plumbi subacet. dit 40 
Phenolis 5° 

Ext hamamclidis 60 


M et ft latio 

Si? . Externally as Erected. 


It is used in the followng manner: 


Compartment A 


Compartment B 


Compartment C 


1. Apply four layers of gauze over a wide area. 

2. Saturate the gauze with the lotion after the 

bottle has been well shaken, 

3. Apply oiled muslin, oiled silk or rubber 

sheeting. 

4. Apply flannel or wool wrung out of hot 

water. 

.5. Apply oiled muslin, silk or rubber sheeting, 
' 6 . Add hot water bottle, 

' 7. Cover everything with Turkish towels. 


If possible, elevate the affected part. Change hot water bottle every 
two or three hours if necessary. Add lotion to gauze three limes a day. 


Fever Therapy. — Fever therapy includes the reaction obtained by 
the intravenous injection of foreign protein such as typhoid vaccine, 
aolan and milk; and subcutaneously, by Coley’s toxin. 

The subject of fever therapy is discussed by Neymann in Volume I. 
From the orthopedic point of Wew, it Is indicated in certain cases of 
arthritis and circulatory disturbances. 


Massage. — Massage may be of various types as regards move- 
ments and force applied. Olive oil, cocoa butler or talcum may be 
used to prevent irritation of the skin. Massage is useful in assisting 
nutrition and mobility. 

Massage is indicated especially in sprains, strains, dislocations, 
fractures, stiff joints, follo^ving amputation, followng infantile paral- 
ysis, peripheral nerve injuries and occasionally in spastic paralysis. 

It is of real value in the preoperative and postoperative treatment 
of infantile paralytic conditions. Mennell says that in the treatment 
of recent injuries, one cannot heal tom fibers by massage, but he can 
assist in restoring the circulation upon which the repair depends. 

It is claimed for massage that it promotes metabolism, maintains 
nutrition, restores strength to weak muscles, prevents formation of 
adhesions and helps break them up if already formed, breaks up fibro- 
sis. hastens repair after injury, pre\'ents and helps restore lost function 
in muscles and joints, and renders voluntary motion in diseased or 
injured parts easier. 
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Reference to various chapters in this series shows one the wide 
scope of usefulness of massage. Massage should be used as soon as 
possible and should be very gentle at first, gradually increasing in 
strength or severity. 

The contraindications for massage are hypersthesia in poliomyelitis, 
pain and infection. In cases of fracture or dislocation there is danger 
of displacing the bone fragments. 


Hydrotherapy. — ^Hydrotherapy is the application of water at vari- 
ous temperatures and pressures and with various constituents. 

Its value lies in the effect upon the circulation of the skin and the 
tonic action upon the nerves locally and generally. The chief pieces 
of apparatus are the shower, needle-spray, hose-spray, and the sitz 
and whirlfwol baths. The last is a bath for the extremities in wmen 
the water is kept in motion. 

The application of hydrotherapy to the upper and lower extremiues 
is valuable, especially in sprains, strains and infections. 

The Short Cold Bath. — Riley presents a complete and instruclh^ 
study of the effects of the short cold bath, meaning a bath at ro 
90 to 55® F., for one-half to three minutes (usually one minute). 


Electrotherapy.— Electrotherapy is the application o( 
as a therapeutic measure. The chief types of currenU as 
Kovacs ate: (i) the galvanic, (2) the interrupted galvanic, C 31 , 
slow (galvanic) sinusoidal, (4) the surging or interrupted sinu oiaa 
(modulated alternating), (5) the faradic (asymmetric) interr“P 
^ternatmg, (6) the high frequency (diathermy) and (7) 'J'' 
There is a great advantage in bed treatment as compared with a 
latory treatment. It is of greater value to bring the apparatus to i 
patient than to put the patient on a stretcher or in a wheel oha 
ransport him or her to the apparatus. Diathermy and the Sa 
current are the most valuable forms from an orthopedic stanrlpo'”'; 
Electric cabinets, bakers and lights owe their chief virtue to the p 
duction of heat. 

for diathermy consist in those conditions where 
™ ‘l.yoluable, such as in sprains and strains, synoviM. ajj 
in the 0 fibrositis. Diathermy should be very carefully u 

“■'i presence of near or distant suppuration. 
miKcuIa^t^n 0" apparatus for producing 

fibrositis aMhM?'™ 5"“* indicated in sprains and strains, my ’ 
hbrositis, arthritis and atrophy of muscles The present Smart coii 
‘■'oently foun,j 5,5 America through the efforts 

Ur . . . . O \ , and ,5 prom 

■ • ..... raduated muscle 

' ' ; ' ’ ■ ■ ■■ ■ ■ ■ 'Of muscles fro 

: ither factors, aoo 

•’ “• rtUopHic type. 



Heliotherapy Volume lil 9 

Among the pathologic disturbances most amenable to diathermy 
are sprained joints, inflammatory phenomena accompanying fractures, 
simple arthritis and many forms of inflammation without suppuration 
in which heat tends to hasten the resolution of the inflammatory 
products and thus shorten disability. Acute and subacute neuritis, such 
as sciatic neuritis, and myositis, such as lumbago, often respond ex- 
tremely well to diathermy. Certain forms of acute and subacute 
gonorrheal inflammation likewise yield more quickly under diathermy. 
In these conditions relief from pain is one of the outstanding advan- 
tages of the treatment. 

In the chronic forms of arthritis the effect of diathermy is not so 
uniformly striking. In many cases, however, partial or complete relief 
from pain and reduction of swelling is obtained. 

If diathermy treatment is instituted at a reasonably early date, the 
trophic lesions in many cases of endarteritis or thrombo-angiitis 
obliterans or diabetes can be stopped, and much damage prevented or 
mutilating operations made unnecessary. 


Heliotherapy. — The subject of heliotherapy in tuberculosis has 
been covered by RoIIier (Vol. III). However, there are many other 
conditions affecting the extremities in which heliotherapy is a very 
valuable agent. These include nutritional and circulatory disturbances, 
arthritis, myositis, fibrositis and synovitis. 

Heliotherapy is of great value in toning up atrophic muscles. Its 
value in nutritional conditions such as rickets Is well known. 

Heliotherapy is of great value in atrophic arthritis. It is surprising 
to see the excellent muscular tone of individuals who have been under 
heliotherapy for years. Unquestionably, if these patients had not had 
heliotherapy, the enforced recumbency in bed would have resulted in 
marked atrophy of muscles and bones. I prefer the term hdioaero- 
therapy. 


Phototherapy means treatment by various lights. The ultraviolet 
lamp is an imitation of sunlight but a very efficient one. The exact 
action has not been determined. The two main types are the quartz and 
the carbon. 

Lamps may be air cooled or water cooled. The dosage of photo- 
therapy depends upon the type of light used, the individual character- 
istics, i.e., blonde or brunette, the distance from the body and the 
duration of e.xposure. 

The {Principles of heliotherapy apply to phototherapy. The infra- 
red light owes its virtue to the radiation and penetration of heat 

The quartz ray is better knorvn as the ultraviolet ray It is called 
the actinic ray because it has the power to excite chemical action and 
has more effect upon photosensitive paper than other light ravs and 
IS called ultraviolet because it lies just beyond the violet of theVisible 
spectrum. visiuie 
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The application of the ultraviolet ray is followed by two reactions 
— a local and a general one. The local is manifested by various degrees 
of erythema; the general, by various blood chemistry reactions, tne 
sum total of which may be said to be decidedly beneficial in many con- 
ditions. 

One cannot allow this opportunity to pass without calling attention 
to the fact that phototherapy has been used indiscriminately tor any 
and every condition. This state of affairs is deprecated and should oe 
condemned. Ultraviolet radiation has considerable value ‘*^001 a p y 
ologic point of view, but this has been greatly overdone and abuse . 

Phototherapy is indicated in atrophic muscle n^^d joint conoi 
in nutritional disturbances, tuberculosis and arthritis, in reco ^ 
from fractures, and sprains and strains. In general, the mdi 
and contraindications are similar to those for heliotherapy. 

Mechanotherapy. — Mechanotherapy includes various 
apparatus which perform passive movements of the limbs, as 1 u 
by the Zander apparatus. . . . .c,- 

The Europeans are more partial to this type of finds 

the Americans. In most of the larger European clmics, on 
immense rooms with innumerable pieces of Zander 
apparatus is applicable to almost every type of injury and co • 
One sees a patient having his thumb moved for him at a reguia ^ 
another patient having his fingers moved at a certain j -to- 

certain amount of force— another is having his foot supmateo. F 
nated, dorsiflexed, plantar-flexed or circumducted. One sees a 
being flexed or extended at rhythmical intervals or a ^*P^^ 
ducted, adducted, flexed, extended or dreumducted-a shoulder 
through its range of motion — another an elbow— another a wrist, 
so on. There is no doubt that there is considerable 7 ““'. \ ...K 
Zander apparatus, but one should not lose sight of the fact tMi 
physical therapy must be mixed with brains” in order to “dcompiis" 
desired results, and there is no substitute for human hands and nui 
brains. In America, one might say, this form of Zander aPP"" 
treatment has not been very popular. Less cumbersome me 
therapy has been developed, especially by McKenzie. It is a valuao 
adjunct to the restoration of movement and function. 

RESpmAToa. ^The Drinker respirator has been described 
ume I. However, from the standpoint of the orthopedic surgeon m ■ 
treatment oi infantile paralysis, it may be said that, in certiun , 
if the Drinker apparatus is not at hand and functioning, all the oim 
pedic surgeon s armamentarium may not save the patient’s Iiie. , 
indications are to carry a patient through a transitional stag^ 
respiratory paralysis. It may he used in cases of intercostal paralysis 
give those muscles a rest. 
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Medical Gymnastics — Exercises. — ^Medical gymnastics or exer- 
cises consist in muscle education and reeducation. Their chief value 
lies in the treatment of patients wth infantile paralysis, spastic paral- 
ysis, brachial birth palsy, scoliosis, arthritis, postural disturbances and 
neuromuscular conditions. The equipment of the gymnasium consists 
of parallel bars, upright bars, wall ladders, stall bars, tables, benches, 
chairs, wall mirrors, wall exercisers, traveling rings, horses and floor 
mats 

Active movements are those carried out by the patient. Passive 
movements are those performed by the physical therapist. The latter 
are employed chiefly when active movements are impossible because of 
weakness, pain or lack of cooperation, or in the presence of adhesions 
that limit movement. Resistive movements are those performed by the 
patient against the resistance of the physical therapist, and vice versa. 

Gymnastics include those performed on land and those in water. 

Swimming — ^Hvdrocymnastics.^ — Hydrogymnastics is a term coined 
by Lowman and includes special types of exercises performed in the 
water with and wthout support. This valuable method is discussed 
in Volume III. 


Occupational Therapy. — ^The importance of occupational therapy 
cannot be overemphasized. 

The chief indications for occupational therapy in diseases, de- 
formities and disabilities of the extremities lie in the treatment of such 
conditions as fractures, dislocations, infantile paralysis, spastic paral- 
ysis, sprains and strains, myositis, fibrositis and arthritis. 

Because it involves active movements, it may be employed at a very 
early period during treatment. The subject of curative workshops is 
treated in Volume I. 


By giving the patient purposeful acts to perform, making them 
very interesting and educational to him and by stimulating his ego, 
one may accomplish very much It is very rarely that the patient wll 
overdo to the extent of doing harm, because he is guided by discom- 
fort and pain. 

Mock and Abbey state that back injuries form a large percentage of 
the group in which physical therapy and occupational therapy com- 
bined can be of inestimable value to the surgeon. In cases of nerve and 
tendon sutures, muscle transplantation, infantile paralysis chronic 
arthritis, osteomyelitis, tuberculous and nontuberculous joint disease 
occupational therapy has its important place. In some cases the appli- 
cation is purely diversional while the affected parts are at rest In 
others, the work consists in reeducating the joints, muscles and nerves 
to their normal functions. For those who will not again be able to 
carry on their work, a new set of muscles or nerves must be trained 
to function Neither physical therapy nor occupational therapy should 
be earned to the point of fatigue; occupations should be giv'en which 
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are best fitted to meet each peculiar condition of the case. The patient 
should be encouraged and stimulated, and his achievements recognized 
and rewarded. 

Support. — In the application of bandages, one must be very careful 
not to interfere with circulation. In adhesive strappings, the impoitan 
thing is to avoid constriction of circulation. One should try to avoi 
in every case the complete encircling of a limb by one strip of p as er. 
In the application of splints or braces, one may say that they 
used or abused, depending upon the skill and experience of the p 
who applies them. Splints and braces are not universal but 
individualized to the particular patient. 

Immobilization. — Immobilization includes bandaging, strapping, 
splints, braces and casts. 

Bandages.' — Bandages are made of gauze, muslin and 
woven materials which are resilient and, therefore, can act « 
and compression. It is important in the application ® ti. 
that no constriction of the circulation results. If various 

becomes cyanotic, the bandage is evidently too tight. There ar 
types of resilient bandages, such as the Ace and the Teira ... ^ 
These bandages are woven so that the bandage acts jjj5 

support. They have a definite place in the treatment of yar . _ 
and other circulatory disturbances. There are combinatio 
with adhesive on one or both sides. 

Splints, — Various types of splints are illustrated in Figures 16, S4r 
55. 56 and 57. 

Braces. — ^Various types of braces are illustrated in Figures 7 . 

54, 55, 56, 57, 62 and 64. ly and 

The surest way to get rid of braces is to put them on e<iu> 
wear them faithfully until they are no longer necessary. 

Casts.-— E very one who engages in physical therapy -asls, 

the principles of plaster-of-paris technic and how to ban 
especially those that are bivalved. , e R lO, 

Various types of plaster casts are illustrated in Figures 3, 5, > 

II. 15, SI, 52, S3 and 64. 

A cpt never made a joint permanently stiff. Any stiffness cause 
a wst quickly disappears. It is the disease or trauma _tn .^ 55 
stiffness, \\hen the disease or trauma predisposes to joint s 
and early physical therapy is necessary to prevent stiffness, 
if prolonged, interferes with physical therapy and therefore, to u, 
extent, is responsible. 

Plaster bandages are usually made of crinoline or 
Ihe meshes of which is rubbed the plaster-of-parls powder. The 
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age is then rolled and stored until used. The most common type of 
crinoline is that whose meshes are 28 or 32 to the inch. 

^^^len ready for use, the plaster bandage is soaked in a bucket 
two-thirds full of lukewarm water. The addition of salt hastens, and 
sugar retards, the setting The bandage is laid on its side until all the 
air bubbles have ceased to appear at the top of the water, which 
means that all the plaster has been saturated. It is then lifed out, both 
ends squeezed and twisted through a small arc, to get rid of the excess; 
it is untwisted, flattened out and the end of the bandage found and un- 
raveled a few inches, when the bandage is ready to be applied. Plaster- 
of-paris bandages should be applied over one or two layers of stockinet. 
One layer of stockinet is most commonly used, then a layer of sheet 
wadding, then a gauze bandage and, finally, the plaster bandage. If 
two layers of stockinet are used, no other padding is used except over 
bony prominences such as the patella, the ankle bones and the heel. 
One should be careful to pad the Achllles-tendon region because of 
danger of causing pressure. 

One hears the expressions “corrective” cast, splint or brace. They 
are misnomers. They are instruments of retention, that is, apparatus 
to maintain correction or overcorrection after those positions have been 
obtained by some other means, such as manipulation or operation. 

Adhesive. — Adhesive strappings are of value in sprains and strains. 
Adhesive strapping of a foot and ankle is found in Figures 40, 41, 42 
and 43; lower back, Figures 60 and 61; pelvis, Figures 60 and 61. 
Other regions frequently strapped with adhesive are the metatarsal, 
big toe, little toe, knee, hip and chest. 

Elastic supports for the metatarsal region, the ankle, the leg, lower 
leg and the entire leg are of some value, especially in those cases of 
circulatory disturbance in which there is swelling of the limb, such as 
varicose veins, and in traumatic conditions, such as sprain and strain. 

Frames — The most common frames in use are those of Whitman 
and Bradford. The Bradford type is a gas-pipe frame made usually 
of to ^-inch gas pipe This is rectangular in shape with an elbow 
at each of the four corners. Over this frame there is stretched a canvas. 
The canvas may be in one, two or three pieces. 

The Whitman type is a curved Bradford frame. 

A Balkan frame is an overhead structure consisting of four uprights 
corresponding with the posts of the bed— two longitudinal boards or 
pars and two cross bars. It is used primarily for overhead suspension 
in cases of fractures. A trapeze is suspended so that the patient mav 
pull himself up. ^ 

^.^Aids in LccQmQtion.-These include cintchcs, canes and artificial 

CRuicitES.— Crutches are illustrated in Figure t. 
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are best fitted to meet each peculiar condition of the case. The patient 
should be encouraged and stimulated, and his achievements recognized 
and rewarded. 


Support. — In the application of bandages, one must be very careful 
not to interfere with circulation. In adhesive strappings, the important 
thing is to avoid constriction of circulation. One should try to avoid 
in every case the complete encircling of a limb by one strip of plaster. 
In the application of splints or braces, one may say that they may be 
used or abused, depending upon the skill and experience of the person 
who applies them. Splints and braces are not universal but must be 
individualized to the particular patient. 

Immobilization. — Immobilization includes bandaging, strapping, 
splints, braces and casts. 

Bandages.— Bandages are made of gauze, muslin and variously 
woven materials which are resilient and, therefore, can act support 
and compression. It is important in the application of the bandage 
that no constriction of the circulation results. If the limb sweJis oi 
becomes cyanotic, the bandage is evidently too tight, There are 
types of resilient bandages, such as the Ace and the Tetra banaa^ • 
These bandages are woven so that the bandage acts as a V 
support. They have a definite place in the treatment of 
and other circulatory disturbances. There are combination banoagw 
with adhesive on one or both sides. 

Splints. — Various types of splints are illustrated in Figures i6j 54 » 
55, 56 and 57. 


Braces.— V arious types of braces are illustrated in Figures 7 > 
16, 54, 55, 56, 57, 62 and 64. , 

The surest way to get rid of braces is to put them on ea y 
wear them faithfully until they are no longer necessary. 


ii, 

and 


Casts.— E very one who engages in physical therapy should 
the principles of plaster-of-paris technic and how to handle ' 
especially those that are bivalved. 

Various types of plaster casts are illustrated in Figures 3, 5 , ’ ^ ' 
II, 15, 51, 52, 53 and 64. , 

A cast never made a joint permanently stiff. Any stiffness cause 
a cast quickly disappears It is the disease or trauma that cau* 
stiffness When the disease or trauma predisposes to joint stl£f»« ■ 
Md early physical therapy is necessary to prevent stiffness, fte 
If prolonged, interferes with physical therapy and therefore, to that 
extent, is responsible. 

Plaster bandages are usually made oi crinoline or tarlatan 
the meshes of which is rubbed the plaster-of-paris powder. The band 
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The patient usually learns the best manner of using one or two 
canes. 

When one cane is used it should be placed on the weak or disabled 
side. 

When two canes are used they should be used in a manner similar 
to that employed with crutches; viz , protrusion of the right cane, then 
the left foot, next, the left cane and, finally, the right foot. 

Artificial Limbs. — The subject of artificial arms and legs is dis- 
cussed in detail in Volume II. . 

Manipulative Therapy; Brisement Force. — Manipulative ther- 
apy includes that perform^ gently and over long periods, and that 
performed quickly under anesthesia Local, spinal or general anesthesia 
may be used. 

One should be careful in performing manipulation under anesthesia 
except in a few conditions. 

Brisement force may be used in a refracture of bones to correct 
deformity. This was a common procedure during the late war. 

Manipulative therapy is indicated principally in those conditions 
which follow several weeks after an injury; that is, those conditions 
due to adhesions rather than to arthritis. Manipulation is indicated in 
those conditions where, because of a comfortable posture during an 
acute illness, a person develops a contracture, such as an adduction 
contracture of the thigh or of the shoulder, or a flexion contraction of 
the elbow or knee. 

The following are brief outlines of the technic in manipulating 
representative joints: 

1. Hip: With the patient completely anesthetized and the pelvis 
and opposite leg secured firmly to the table, the affected hip is flexed 
uith the knee flexed; it is then extended, then flexed with the knee 
extended. It is then adducted, abducted, extended ivith the knee ex- 
tended, circumducted, then rotated inward and outivard. It is then 
hyperextended over the edge of the table. In some cases the adductor 
tendons must be divided before abduction can be performed. 

2. Knee: With the pelvis and the other limb held firmly, the knee 
is gently flexed, then extended two, three or four times; it is not used 
as a pump-handle. In all cases of manipulation of the knee one should 
see that the foot and the hip on the same side can be put through 
the normal range of movements. 

3. Ankle: Manipulation of an ankle includes dorsiflexion, plantar 
flexion, inversion, eversion, supination, pronation, circumduction* 
dorsiflexion and supination at the same time are the sine qua non in 
manipulation oi the ankle, 

4. Foot: Manipulation of the foot includes that of the subastraga- 
lar joint, through the tarsal joints, through the tarsometatarsal joints 
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Crutches are measured tor adults by subtracting i6 mches Irom to 

the foot. Crutches come in even sizes only a , d 00 
the larger size should be prescribed and then cut on. 



Fig I — Special type of crutch Substitution of a brachial cuff for 

should be applied, and axillary pads should be added to 
to prevent irritation and crutch palsy. , , ^ the 

If a patient is allowed to bear weight on L^forward, 
method of progression is as follows: place one crutc 
the opposite foot; then the second crutch and put 1^®^” 

If a patient walks with crutches and one leg, he s flexed 
crutches forward, then the leg, the affected leg either side 

preferably, with a block under the shoe (heel and sole) o jjjtipg tbe 
in order to keep the injured part off the ground, w’ltno 
pelvis and spine. . .g arc p® 

Canes.— Canes are used during the stage after • ^5 ^\bere 
longer necessary. They may be used in minor cono 
crutche® are not required. 


Manipulative Therapy n] 

The patient usually learns the best manner of using one or two 
canes. 

When one cane is used it should be placed on the weak or disabled 
side. 

When two canes are used they should be used in a manner similar 
to that employed rvith crutches; viz., protrusion of the right cane, then 
the left foot, next, the left cane and, finally, the right foot. 

Artificial Limbs. — The subject of artificial arms and legs is dis- 
cussed in detail in Volume II, , 


Manipulative Therapy; Brisement Force. — Manipulative ther- 
apy includes that performed gently and over long periods, and that 
performed quickly under anesthesia. Local, spinal or general anesthesia 
may be used. 

One should be careful in performing manipulation under anesthesia 
except in a few conditions. 

Brisement force may be used in a refracture of bones to correct 
deformity. This was a common procedure during the late war. 

Manipulative therapy is indicated principally in those conditions 
which follow several weeks after an injury; that is, those conditions 
due to adhesions rather than to arthritis. Manipulation is indicated in 
those conditions where, because of a comfortable posture during an 
acute illness, a person develops a contracture, such as an adduction 
contracture of the thigh or of the shoulder, or a flexion contraction of 
the elbow or knee. 

The following are brief outlines of the technic in manipulating 
representative joints: 


1. Hip: With the patient completely anesthetized and the pelvis 
and opposite leg secured firmly to the table, the affected hip is flexed 
with the knee flexed; it is then extended, then flexed with the knee 
extended. It is then adducted, abducted, extended with the knee ex- 
tended, circumducted, then rotated inward and outward. It is then 
hyperextended over the edge of the table. In some cases the adductor 
tendons must be divided before abduction can be performed. 

2. Knee: With the pelvis and the other limb held firmly, the knee 
is gently flexed, then extended two, three or four times; it is not used 
as a pump'handle. In all cases of manipulation of the knee one should 
see that the foot and the hip on the same side can be put through 
the normal range of movements. 

3. Ankle: Manipulation of an ankle includes dorsiflexion, plantar 
flexion, inversion, eversion, supination, pronation, circumduction* 
dorsiflexion and supination at (he same time are the sine Qua non in 
manipulation of the ankle. 


4. Foot: Manipulation of 
lar joint, through the tarsal 


the foot includes that of the subastraga- 
joints, through the tarsometatarsal joints 
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Trutches arc measured for adults by subtracting i6 inches ftomtk 
he-mbt o" he nXidual. Another method is to measure he jsw 
S the axilia to a point 8 inches outward 
the foot. Crutches come in even sizw only and, if odd 
the larger size should be prescribed and then cut o 



should be applied, and axillary pads should be adde 
to prevent irritation and crutch palsy. , , „ the 

If a patient is allowed to bear weight on both * the*' 

method of progression is as follows: place one crutc j^jog foot- 
the opposite foot; then the second crutch and 
If a patient walks with crutches and one leg, he sh flexed 5 ^' 
crutches forward, then the leg, the affected leg either n jjfle 

preferably, with a block under the shoe (heel and * tilti*^5 

in order to keep the injured part off the ground, witho 
pelvis and spine. , are h® 

Canes.— Canes are used during the stage after 5 where 

longer necessary. They may be used in minor condui 
crutches arc not required. 
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metatarsophalangeal joints. In the metatarsal joists 
the importMt consideration is plantar flexion. 

patient entirely flat and secured to the table, 
mampuiated gently in forward flexion with the 
fortrard flexion with the elbow extended, fonvaid 
/ the forearni both in supination and pronation, gentle 
auction, lorceci abduction (holding the scapula firmly), backward 
ension of the arms, circumduction of the shoulder and complete 
emal and external rotation. The most important movements that 
T abduction and external rotation. 

elbow is flexed and extended three or four times 
vith the torewm both in pronation and supination. 
ut 11 1 ^ wrist should be dorsiflexed, paimac'flexed, forced 

lacerany, radialward and ulnarward: the important considerations are 
aorsitiexion and supination. 

^tist be manipulated so that it can be put in 
grasf^as though it were grasping a tumbler. 
J^^^lp^lating the neck one should be very cautious. 

bead, extension of the head, lateral bend* 
♦S: ^ touches the shoulder of the same side, then 

IpP TJi/ j’ gfadual rotation to the right and rotation to the 
mo«r warned that manipulation of the neck is one of the 

wh?di^« tbe most harmful, procedures to 
Which an individual may he subjected. 

ca«se disabilities and deformities of the 
tinned in ^ nio^t of which have been men' 

in thU chapters. Those not discussed in detail will be included 

made conditions include congenital, infectious, trau- 

orders ’ static, postural, neuropathic and functional dis- 

CoNGENiiAi, Defects akd Defokhities 

consSedTrfXb W ^ ™‘' ‘’^ormUies, the most impottant to be 

ciuoioot and congenital dislocation of the hip. 

CEUBFOOT 

In''dSrt“''the f "genital or acquired. . 

calcaneovalgui “'■' congenital equinovaros an 

Talipes /equinus 
(cafeaneus 


Talipes 


cqwino|, 


varus 

valgus 





Fig 2 — Extreme type of congenital clubfoot, talif^ equinovarus in a boy of 12 years, 
who had had no treatment. Note the large bursae in the regions of the cuboid bones 
(Courtesy of Dr John L Porter ) 



Fig 3— Lew in tjpc of cross-bar cast for concenital club feet A, congenital club 
feet in a child ii da>s old; B, one foot corrected and in plaster cast; C, both feet 
corrected; D, cross bar made of tongue depressors to maintain outward rotation of 
the legs. 
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and through the metatarsophalangeal joints. In the metatarsal joints 
the important consideration is plantar flexion. 

5. Shoulder: With the patient entirely flat and secured to the table, 
the shoulder is first manipulated gently in forward flexion rrith the 
elbow flexed; then forward flexion wth the elbow extended, iorward 
flexion with the forearm both in supination and pronation, genlle 
abduction, forced abduction (holding the scapula firmly), badwaifl 
extension of the arms, circumduction of the shoulder and complete 
internal and external rotation. The most important movements that 
must be obtained are abduction and external rotation, 

6. Elbow: The elbow is flexed and extended three or four times 

\vith the forearm both in pronation and supination, . 

7. Wrist: The wrist should be dorsiflexed, palmar-flexed, lorce 
laterally, radialward and ulnarwardj the important considerations are 
dorsiflexion and supination, 

8. Hand: The hand must be manipulated so that it can be pu 1 
the position of grasp — as though it were grasping a tumbler, 

9. Hech: In manipulating the neck one should be very 
Produce gentle flexion of the head, extension of the bead, lateral d 
ing so that one ear almost touches the shoulder of the same side, 
the other side, then gradual rotation to the right and rotation 0 
left. The reader is warned that manipulation of the neck is 01^® ° , 
most delicate, and it may be one of the most harmful, proceour 
which an individual may be subjected. 

The conditions which may cause disabilities and deformities of 
extremities constitute a very long list, most of which have been me 
tioned in other chapters. Those not discussed in detail will be 
in this chapter. Special conditions include congenital, infectious, 
matic, mechanical, static, postural, neuropathic and function 
orders. 

Congenital Defects and Deformities 

Under congenital defects and deformities, the most important to 
considered are clubfoot and congenital dislocation of the hip- 


CLtJBFOOT 


may he congenital or acquired. 

In clubfoot, the two main types are congenital 
caicaneovalgus. 


equinovatos 


Talipes 


Talipes 


fequinus 

\ca1caneus 

. f’varus 
“J^ivalgus 

caIcaneo{™™= 


(valgus 
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taneous reduction. In the older cases, treatment includes manipulation 
under anesthesia, retention in plaster casts which are changed in 
periods ranging from 3 to 6 months, then follow-up treatment which 
includes e.xercises and baths, such as the brine bath of Denuce, and the 
Galeazzi, Putti and Ridlon manipulations. Open operations are re- 
quired in those cases which cannot be reduced by the closed method 
or in those hips which 'will not stay reduced by the closed method. 

The chief manipulations or maneuvers for the reduction of con- 
genital dislocation of the hip include those of Paci, Lorenz, Galeazzi, 
Putti, Ridlon, Bradford, Davis and Calot. Every textbook of ortho- 
pedic surgery describes some of these methods. At the time of change 
of the cast and follo\ving its final removal, bathing of the hips and 
lower extremities in warm water, and application of heat followed by 
gentle massage are indicated As a rule these patients can be trusted to 
return the legs to normal position by being allowed to exercise them 
cautiously, especially in warm water. 

CONGENITAL DISLOCATION OF THE KNEE 

Congenital dislocation of the knee Is a rare deformity characterized 
by genu recurvatum or a backward cur\ing of the knee joint. The early 
treatment consists in gentle manipulation to fiex the knee and the 
application of a splint or plaster cast to hold it in the flexed position. 

JIacFarland and McJIurray have deused an operation, sectioning 
part of the quadriceps femoris muscle, followed by flexion of the knee. 
If the child is seen and treated very early, operation is rarely 
necessary. 


CONGENITAL DISLOCATION OF THE SHOULDER 

Congenital dislocation of the shoulder is a very rare deformity. 
There are not more than 25 instances reported in the literature, several 
of which are not authentic. The treatment consists in gentle manipula- 
tion and retention followed by phj'sical therapy, including gentle 
massage and more gentle movements. 

CONGENITAL FLATFOOT 

The eliologic factor of importance in congenital flatfoot is heredity. 
It is more often transmitted from the father’s than the mother’s side. 
The importance of the accessory scaphoid should not be overlooked. 
This is an adventitious bone in the region of the tarsal scaphoid. The 
important factors are the early recognition and early treatment The 
best early treatment is a plaster-of-paris cast maintaining the posterior 
portion of the foot in supination, with the fore part of the foot in pro 
nation; that is, the posterior half of the foot should be tipped outward 
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The treatment may be divided into early, intermediate, and kte. 
Treatment includes manipulation, overcorrection and retention m to 
braces or splints. In the final stages of treatment, one pjesctibes proper 
shoes with modifications, exercises, massage and 
‘ \\^hen one finds congenital cquinovarus, he produces a calcaneo* 
valgus and vice versa. . ,, . . ,, 

Pes planus is flatfoot. Metatarsus vares is Je 

per cent of congenital clubfeet are of the t3^e m whi 
pointed downward and inward. This type occurs once i 
births; 65 per cent are in males, and 57 per cent are on - • 

The deformity is usually said to be due to P^dion 
ity is found to be a factor in 5 per cent of the cases, 
cent of the cases are in the first-born. , . of 

The chances of cure depend upon the age, the 
deformity, the degree of rigidity, the proper nuy be 

sistence of the treatment and observation. Active mcg 

necessary for months, and care and supervision '.v. 

narrow foot is mui more amenable to treatment tn 
chubby foot. 

Treatment. — The treatment for clubfoot may be j tbe 

during infancy, during childhood or in adult life; ou j|jjg and 
better. The object is to correct the deformity as soon a ^ 
to maintain the correction until proper use of the too . 
permanent. Some form of treatment should be institute . . 

The means of correcting the deformity are manipulation I Qpgration 
out anesthesia) , the use of casts and braces, and operati jjjg 

is rarely necessary when the patient is seen soon a e . ^ppjpg^ 
various methods of retention consist of bandages, adhesi 
plaster-of-paris casts and braces. f j.js (even 

I cannot recommend too strongly the use of plaster 01 1 
though the infant be but one hour old) to retain t^^fadon. 

rected position which has been obtained by gentle ^ of 
Massage, exercises and modification of shoes are other 
importance. In older individuals, operations on the bones, 
other tissues may be necessary. _ mas- 

In clubhand the treatment includes manipulation, he 

sage, further manipulation, braces and exercises. Operatic 
necessary. 

CQNGENITAI, DISLOCATION OF THE HIE ^ ^ 

Congenital dislocation of the hip is the most important 
dislocation. The displacement may be upward, backward or 
The most common is upward and backward. Early treatment 
what Putti has described as a triangular frame which is attacheo 
child’s legs so as to produce abduction, which usually results m i- 
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Fig 7 — Brachial birth paUy in 3 ch3d of iS months; brace maintainint; abduction 
and eatrmal rotation of shoulder, flnion of elbon, supination of forearm, dorsiflexion 
of »nst and extension of fingers 
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sprain, strain, rupture of muscles, rupture of tendons, flat feet, knock 
knees and bowlegs. These conditions are described at length in other 
chapters. 



Fio. 8 — Traumatic right flatfoot; (a) front view, (b) rear view; (c) corrected in a 
plaster cast. 


In regard to trauma and postural cases, practically all physical 
therapy agents have been discussed in the chapters on fractures and 
dislocations in joint injuries (Vols. II and III). 

SPRAINS AND STRAINS 

It has been stated that “a sprain is worse than a break.” This is 
grossly untrue because most sprains are mistreated. The proper treat- 
ment for a sprained ankle, for example, is absolute rest and elevation 
of the limb, the application of cold and a compression bandage. In 
athletic individuals, weight-bearing should be encouraged. In others, 
it is contraindicated. 

Mennell advises early movement and massage without fixation. 

Smart advises the early use of graduated muscle contractions by 
means of his electric coil and no immobilization. 

RUPTURE OF MUSCLES 

In cases of rupture of a muscle the early diagnosis is important. The 
treatment includes rest, relaxation of the muscle, application of cold 
and retention support. Recently, it has been advised to inject novo- 
caine into the muscles to cause relaxation. Heat, massage and eentle 
active movements are indicated. ® 
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and the fore part of the foot tipped inward so that the big toe tests on 
the cast. The cast should be replaced every two or three weeks. It may 
be followed by adhesive strapping or, preferably, a brace. Wodmea- 
tions of the shoes are very important and consist in building up cne 
inner border of the heel and the outer border of the sole. Felt pa sin 
the shoes are of value in supporting the longitudinal arches, bxercise 
should be started as soon as the child can comprehend. Massage 
important and contrast sprays may be used for older chilarcn. 


SPASTIC PABALVSIS • 

The causes of spastic paralysis are intra- and 
intra-uterine causes are defects or conditions within the sku , 
cysts and hemorrhage. The obstetric causes are trauma oun ^ 
immediately after, birth. The latter is illustrated by 
at resuscitating a “blue baby.” The treatment consists in p P / 
and curative measures, prophylaxis including gentleness i 
The curative measures include the following: lumbar ’ l^ga 

tion, swimming, stretching of contracted structures, waiKing, 
walker or crutches, braces and neuromuscular training. ^ .u^Yilw 
In the treatment of spastic paralysis, one should emphasize 
of heat in order to relax muscles, wthholding massage, ."Aove- 
ness in handling the patients, to the extreme degree, ana aai 
ments. A movement directed by the brain and carried out oy . 
muscle or group of muscles, with no overflow ^ 

producing purposeless movements, is the acme of jn tern* 

Lowman has emphasized the value of a lo per cent mere 
perature of the water used in sivimming over that usea 
myelitis cases. 

BRACHIAL BIRTH PALSY 

In brachial birth palsy the important points are early 
and early treatment. A new-born child with the diagnosis o; " 
birth palsy should have its arm suspended from the top ° 
by a sling in the form of suspension guy ropes. A very si .K. 
brace of the Sever type should be made. Physical therapy ^ary 
includes^ massage and gentle manipulation. Operations are , 
in certain cases. They usually are required in those cases j^y 
been neglected. The most important operation is the minor 

the name of Sever in which the pectoralis major and the ^ yjaris 
tendons are cut. In some cases the coracobrachialis and su nlastic 
are also released. Kleinberg has recently advised a capsu V 
operation which is evidently very bencflcial. 

Traumatic Conditions 

Traumatic conditions include industrial, occupational, 
or static. These include fracture, dislocation, fracture-disloca 
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RUPTURE OF TENDONS 

Rupture of the tendon often requires suture, which should be done 
early so that active motion can be instituted as soon as possible. 
Splints, heat, massage and gentle active movements are indicated. 


FRACTURES 

In the treatment of fractures, one must emphasize the importance of 
rest, reduction, retention, early active motion, heat and physical 
therapy. Some advise occupational therapy as being of greater value 
than physical therapy 

This subject is discussed at length in Volumes II and HI, 


DISLOCATIONS 

(See Lindsay and Brown, Vol. III.) 


Conditions cf Infectious Origin 

Infectious conditions include tuberculosis, syphilis, Charcot’s joint, 
syringomyelia, infections with pus organisms, infections with unusual 
organisms, osteomyelitis, infantile paralysis and encephalitis. 

The physical therapeutic measures that are of value in infections 
are heat, in the form of radiant heat or fomentations, elevation, ultra- 
violet and roentgen-ray therapy, and hydrotherapy in the form of 
packs One must be careful to prevent contractures, deformity and 
adhesions. The technic of incisions and drainage is not included in this 
chapter. 


tuberculosis 


In the treatment of tuberculosis of bones and joints, the important 
factors are rest, proper splinting, prevention of deformity, correction 
of deformity if it has occurred and preservation of function or the 
restoration of function if it cannot be preserved 
In the treatment of tuberculosis of bones and joints, many physical 
therapeutic agents are of great value. These include rest, recumbency 
support, immobilization, plaster-of-paris casts, braces, therapeutic 
baths, heliotherapy, phototherapy and occupational therapy. 

Arthrodesing or stiffening operations are of great value Thev are 
performed on the spine, hip, knee, ankle, shoulder, elbow and wrist 
The reader is referred to textbooks of orthopedic surgery tor descrin' 
tions of these operations uescrip 
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Fio ii^A gltl of i6 years who had 
InSanlile paralysis at the age of 2 years 
Note total nght scoliosis with the short* 
ening of the right leg, which produced 
an inequality of the gluteal creases and 
dimples m the regions of the posterior 
supenor iliac spines. 




Fic 13 — Caliper braces with 
locV joints at the knees u<ed on 
a patient who had infantile 
para]} sis 


Fig. 14 — ^Two lona-lcg braces 
and a body brace for extensive 
paral>sis due to anterior pobomye- 
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Fio. 10— A boy of lo yean with lubctcufosis of the spine treated by a Hibbs 
fusion followed by a body cast 


SYPHILIS — CHARCOT JOINT 


treatment of syphilis, one must be careful to 
formity and, It deformity has occurred, it should be corrected » 
ptrysmai therapeutic means included are massage, 
pytototherapy and diathermy. Specific treatment includro^ 
malaria and arsphenamine is not discussed in this chapter. 


UMeUMYELITIS 

memioned!’''"'"’™' “‘“"■yoHlis. three methods rviU be bnW 

srciE 

means n't ma^TsSTh *''= "T' W “ 

special process the eggs of ^the ' w te it 
nwijpois 'ire f. , *nagRot are sterilized and tne 

caccUent results toiWinVtw^SorT'’"' 
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portant in order that a strong group of muscles rnay not overcome a 
weak group. 

In 5ve case o! a shoulder, tbe arm should be abducted to a right 
angle for most of the day and night, being released four or five times 
daily and placed in adduction for a few minutes each time. One must 
be on guard to prevent contracture in adduction and internal 
rotation. 

The elbow should not be allowed to develop a flexion contraction; 
the wrist should be held in dorsiflexion, and the fingers in the position 
of grasp. One must guard against pronation deformity. One should be 
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3. The aluminum and potassium nitrate treatment is the use of 
this chemical done into a poultice using rolled oats, which is a;> 
plied to the limb. There arc reports of excellent results folioTving this 
method. 

The physical therapeutic measures that may be of value in some 
cases of osteomyelitis include phototherapy, heliotherapy, the carbon 
arc lamp and occupational therapy. One must endeavor to maintab 
muscle tone and counteract atrophy of muscle. Transfusion of Wood is 
indicated in some cases. 

ANTERIOR POLIOMYELITIS 

In the treatment of anterior poliomyelitis, or infantile 
physical therapeutic measures are indicated in every stage, incmams 
the preparalytic, paralytic, subacute and chronic. During the prepara- 



Fic «5— Double abduction SI 


barf wu."'’", ‘o be used as a model for makinR a bract, 

bad bilateral deltoid pai ' ... 


J paral>sis due to anterior poHoin>elitis. 

tlnrin.. thit 'S probably the most 

Uurmg this slap the importance of bed positions or bed postme 

oi bonr/nTlmf •>'<• PosUion incThding the tnaintena"" 
oi bones and joints a position of neutri muscle puii, is ''"S' 


lytic stage, convalescent < 
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portant in order that a strong group of muscles may not overcome a 
weak group. 

In the case of a shoulder, the arm should be abducted to a right 
angle for most of the day and night, being released four or five times 
daily and placed in adduction for a few minutes each time. One must 
be on guard to prevent contracture in adduction and internal 
rotation. 

The elbow should not be allowed to develop a flexion contraction; 
the wrist should be held in dorsiflexion, and the fingers in the position 
of grasp. One must guard against pronation deformity. One should be 
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very careful, if the thumb muscles are involved, not to allow deformity 
to occur. 

Bed positions are maintained by means of pillows, boards at the 
foot of the bed, boards under the mattress, sandbags, salt bags, casts, 
splints and braces. When the patient is ready for walking, crutches 
or a special walker is to be used. 

The causes of deformity are unequal muscle pull, the effects of 
gravity and the early use of weakened muscles. The cause of dis- 
ability is weakness of the muscles. The various physical therapy 
agents include medical gymnastics, massage, exercises, contrast sprays, 
neuromuscular reeducation and underwater gymnastics. I have in a 
few cases used fever therapy; that is, intravenous injection of typhoid 
vaccine. 


ENCEPHALITIS 

The important factors to be mentioned here are the 
deformity, the correction of deformity and the prevention of ^ 
The agents used are casts, braces, splints, crutches and canes, we 
muscular reeducation is very important. Operations on sympa 
nerves are often of value. 


Conditions of Mechanical or Static Origin 

The mechanical or static group of conditions include: flatfoot, 
tarsal depression, pes cavus, knock knee and bowleg. 

^ The function of the foot is to supply an organ of locotnoii 
IS springy, in order to avoid jars to the brain, spinal cord ^ 
dommal organs. Anything that interferes with that function alwjs 
whole body. The harmful effects of foot disturbances are mamfes 
in foot, leg, knee, back, hip, the nerves and the general nea • , 

The causes underlying foot disturbances are concerned witn ^ 
factors; viz., heredity, occupation, injury, infection, hard 
sidewalks, asphalt streets, shoes, hosiery, the automobile a 
present-day living conditions. 


FOOT DISTURBANCES 


“"ditions comprise four groups: i) f atd 

ormuies- (s) acquired deformities; (3) diseies of the bones an 

jomts; and (4) tumors. ' ' 

‘'"= fMt-deformitics that are „vih 

tf fhi» fn ♦ of toes, supernumerary toes, united toes, pV ^ 

rf he foot or parts of the font and under-rid'oe. ‘f:. 


nf supernumerary toes, united i 

Acaiiir^vi ^”<1 Overlapping and onaer-i^“-p. 

tions ?o ‘o infantile paralysis or o her 

reeion fracture 

gi nd to bunions. Traumatic conditions are due to 
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and dislocation. Warts, papillomas, hard and soft corns, and circula- 
tory disturbances are acquired conditions. 

Diseases of the foot are chiefly tuberculosis, syphilis, osteomyelitis 
and epiphysitis, or inflammation of the growth-center of the bone. 
Arthritis or rheumatism may be due to any germ, to metabolic dis- 
turbances or to injury. 

Posture and Hygiene of the Feet. — Selecting the Correct 
Shoes.— The subject of shoes is very important. The first question to 
be considered is whether shoes should be high or low-cut. Both have 
eminent advocates, but to my mind the preponderating evidence is in 
favor of high shoes. Lace-shoes are, as a rule, preferable to button- 
shoes. 

There has been much discussion in regard to the flexibility or 
rigidity of the shank of the shoe. Individuals without foot troubles may 
do very well in flexible-shank shoes. Those who have foot troubles, 
correctable by exercise only, will do well in flexible-shank shoes; but 
for that large number who need both exercise and support, the rigid- 
shank shoe is, at least temporarily, of much greater value. The shoe 
should have a round toe. It should have a medium-width shank. It 
should be made over a last with a straight inner border. The height 
of the heel should be 'vithin reasonable limits, as both extremes are 
undesirable, not only because of the effect upon the feet but especially 
because of the effect upon the back. Shoe fitting is an art too little 
known. Every individual should change shoes once every day If 
possible. Shoe-trees or shoe-forms are valuable. Rubber heels, as a 
rule, are of distinct advantage in minimizing the repeated shocks to 
the feet, legs, and spine, and to the abdominal and pelvic organs. 

Garters, — Constriction of the leg is harmful to the circulation. 
This is true whether the constriction be caused by a circular garter 
or by rolling stockings in a hard ridge or knot. At the beaches one 
sees many young girls and women with deep ridges just above the 
knees caused by circular garters. This causes interference with the 
return circulation of the blood and produces varicose veins. 


Bathing the Feet. — Cleanliness of the feet is of the greatest im- 
portance. Ordinary bathing of the feet should be carried out once 
daily. The soap used should be of a nonirritating variety, and the foot 
after being dried, should be dusted with a simple dusting powder! 
For '“tired feet” the addition of small quantities of salicylic and boric 
acids to the water may be helpful. 

Contrast sprays for the feet and legs are administered by sitting on 
the side of the bathtub and spraying the feet and legs with warm 
water for one minute and cool water for one minute. Alternate in this 
manner for ten minutes twice daily. Increase the contrast of the water 
padually from day to day Many prefer to use the warm spray for 
two minutes, and the cool for half a minute. h > o 
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Contrast baths, although not so convenient, are of distinct value in 
improving the circulation of the soft tissues of the foot and leg. To 
take a contrast bath, obtain two buckets, each large enough to contain 
both feet. Fill one bucket about two-thirds full of warm water, and the 
other about two-thirds full of cool water. Sit alongside of the buckets. 
Place both feet in the warm water for exactly one minute. Remove feel 
and place in the cool water for exactly one minute. Alternate in tliis 
manner for ten minutes, i.e., five minutes in each bucket. Increase the 
contrast of the water gradually from day to day. If the coo! applica- 
tions are unpleasant, reduce their lime to 15 to 30 seconds. 

Massage. — Massage of the feet twice daily, spending a few miinites 
every morning and night, is an excellent tonic. In this massage it is "ird! 
to use cold cream, cocoa butter, olive oil, oil of wintergreen or an 
analgesic ointment such as the following: 

^ Olel Raulthfriae 4 

Acidi salic>-Mci 4 

Mentholis 4 

Camphorae 4 

Thcnolii i 

Unc. aquae rosae 75 

Lanolin 

M. et li. ung. and pul in collapsible tube or jar. 

Sig.: Use e.tternally for 10 min mice daily. 

•’U* use a deep rolalory movement of tie 

thumbs and fingers. 


Applications, — Hot applications, consisting of flannel dress 
orfj i”."® ^ saturated solution of magnesium sulptaU. 

alue in relieving the ordinary painful foot. 

S "'■'Jiuery ballet dancing, if properly 'fS’’*' 

and cencf entire body in developing balance, po 

“udenTr„ j >»“ careless methods on the part oMhe 

comino ""‘y 'uuse arches to break dosvn iastead o 

the aee of ^'"''doncing should not be begun, as a rule, j 
overdone mav n ®uilroom dancing is excellent exercise, 
metatarsal symptoms of metatarsalgia, i.e., pa*o . 

are iS exTrds':?' ‘“-^keting and roller-sUh S 

figure-eisht S- ‘ ‘i' "nd legs. -nTiile skating on ice, a « 

ing; if nccesll? '''' strap should be worn over the stocl 

be worn outsid7th?^h‘'’^ “ Isandaged, or a skate-strap 

For the abnormal w’ a figure eight. imclnrcs 

of the longitudinal and t'r™**’ "'“''"ess of the supporting 
cises have been prep^fj'”?™'® arches, a great many ® 
prepared. They will be described later. 
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When the bnisa of the hig-toe joint is inflamed, it is called a bumon 
and corresponds with housemaids’ fcnee. Hallux valgus is the term 

applied to the outward deviation of the big Wf- m ’’“"T herrare 

in the region of the fifth toe, it is called a bunionette. There ate 
Other conditions of importance in the region of the big toe, viz., rigid 
b 5 g>toe joint, rheumatic or gouty joint and sesamoiditis or inflammation 
of one or both small bones under the joint. 


HAMMER TOES 

Uammcr toes are deformities that are inherited or acquired. Such 
a toe is often the site of a corn. Overriding and underriding toes 
may often be trained to grow into normal position by simple adhesive 
strapping. Occasionally a toe is so long or so deformed that a surgeon 
should be consulted as to the proper measure to be taken regarding it. 


PAINFUL HEELS 

Pain in the heel may be due to a bony spur on its under surface 
or back, or to bursitis or chilblains in this region. Very often in the 
two latter cases it is necessary to remove the counter of the shoe, but 
frequently elevation of the heel in the shoe nill afford relief. 

For ordinary infections of the foot — ^as a temporary measure — a 
hot saturated Epsom-salt solution applied continuously in the form of 
Wet applications, with considerable elevation of the foot, will be of 
much value. 

Concerning the care of the feet at various periods of life, I wish 
to say: 


1. The infant's foot: If there is no deformity, care of the infant’s 
foot consists of bathing and the application of a dusting powder. If 
there is a clubfoot, do not wait until the child is a year old, but have 
treatment started immediately, even during the first day of life. 

2. The young child’s foot: It is important that the baby’s stockings 
and shoes fit properly. Fat babies should not be encouraged to stand 
too early, as there is danger of causing bowlegs or knock knees. Stiff- 
ankle shoes, that is, shoes reenforced wth molded leather, are of value 
m some epes of weak feet. Babies should wear white stockings but 
care should be taken to prevent the shrinking of the stockings from 
fieqvient iiashing, as too tight a sock causes foot-compression and 
produces injurious results. 

3. Care oj the jeet 0/ the adolescent bay or girl: From intanev In 

Si' =>'>“"<'=«“erci 5 e of the foot muscles, espeSlly 

hose of the arches is of the highest importance. One should not wait 

t simne "in' it early and to keei 5 

strong. In buying shoes for adolescents, especially when their S 
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Contrast baths, aUhough ® 

inroroving the circulation oi the soft t^ues enough to contam 

take a coltrast bath, f ot warm water, and te 
both feet. Fill one bucket f Sit alongside of the backets 

other about two-thirds ““'f"fexacW one minute. Remove fet . 

Place both feet in the warm water minute Alternate in tte 

Massage.— Massage of the feet ’jn'’th^ massa^^ it is"c'J 

every morning and night, IS an exceHe «inletgreen or 

fn me cold cream, cocoa butter, o ^ 
analgesic ointment such as the following. 

B Olci sauUheriae *\ 

Acidi sahcytici 4 

Menlholis 4t 

Camphotac 4| 

PhcnolU ’{ 

I3ns aquae rosac iS\ 

LanoUn *Si 

W ct (t uns and put 

Stg Use ettetnaHy tor lo nun twice 

Do not ruh the skin, but use a deep rotatory movement 

thumbs and fingers. 

Hot Applications.— Hot applications, consisting of .|J^ sulphate. 
ingV wrung out of a hot saturated solution of magn 
are oi value in relieving the ordinary pami 

Foot Exercise.— Vor the young girFs 
greater value than ordinary ballet ^““8’ developing “aiaoce, polg 
tood for the feet and for the entire body in dmelopi g ^ ^5 dw 

and general muscle tone; but "I down instead of 

student and teacher may cause arches to break a ^ haate 

coming stronger. Toe-dandng ^^ent exercise, b“‘ '' 

the age of ten years. Ballroom dancing is excelie the 

overdone may produce symplone of «ietatarsal^ , e 
metatarsai or anterior arch of the fwt. on ice* a 

are ideal exercises for the feet and leg^ the stocK' 

fjeure-eicht webbing or leather strap should be ei-nte-strop . 
S if necessary, the ankles may be banda^d or a skate 
be u-om outside the shoe, making a figure .pting 

For the abnormal fool with weakness of the ioecial 

of the longitudinal and transverse arches, a ^eal ma > 
cises have been prepared. They will be described late . 
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BUNIONS 

When the bursa of the big-toe joint is inflamed, it is called a bunion 
and corresponds 'vith housemaids’ knee. Hallux valgus is the term 
applied to the outward deviation of the big toe. When a bunion occurs 
in the region of the fifth toe, it is called a “bunionette.” There are 
other conditions of importance in the region of the big toe; viz., rigid 
big-toe joint, rheumatic or gouty joint and sesamoiditis or inflammation 
of one or both small bones under the joint. 

HAMMER TOES 

Hammer toes are deformities that are inherited or acquired. Such 
a toe is often the site of a corn. Overriding and underriding toes 
may often be trained to grow into normal position by simple adhesive 
strapping Occasionally a toe is so long or so deformed that a surgeon 
should be consulted as to the proper measure to be taken regarding it. 

PAINFUL HEELS 

Pain in the heel may be due to a bony spur on its under surface 
or back, or to bursitis or chilblains In this region. Very often in the 
two latter cases it is necessary to remove the counter of the shoe, but 
frequently elevation of the heel in the shoe will afford relief. 

For ordinary infections of the foot — as a temporary measure — a 
hot saturated Epsom-salt solution applied continuously in the form of 
wet applications, with considerable elevation of the foot, will be of 
much value. 

Concerning the care of the feet at various periods of life, I wish 
to say: 

1. The injanTs foot: If there is no deformity, care of the infant’s 
foot consists of bathing and the application of a dusting powder. If 
there is a clubfoot, do not wait until the child is a year old, but have 
treatment started immediately, even during the first day of life. 

2. The young child’s foot: It is important that the baby’s stockings 
and shoes fit properly. Fat babies should not be encouraged to stand 
too early, as there is danger of causing bowlegs or knock knees. Stiff- 
ankle shoes, that is, shoes reenforced with molded leather, are of value 
in some cases of weak feet. Babies should wear white stockings, but 
care should be taken to prevent the shrinking of the stockings from 
frequent washing, as too tight a sock causes foot-compression and 
produces injurious results. 

3. Care of the feet of the adolescent boy or girl: From infancy to 
maturity, proper and abundant exercise of the foot muscles, especially 
those of the arches, is of the highest importance. One should not wait 
till the arch is weak, but should aim to strengthen it early and to keep 
It strong. In buying shoes for adolescents, especially when their feet 
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^ Contrast baths, although not so convenient, are of distinct value in 
improving the circulation of the soft tissues of the foot and leg To 
take a contrast bath, obtain two buckets, each large enough to contain 
both feet. Fill one bucket about two-thirds full of warm water, and the 
other about two-thirds full of cool water. Sit alongside of the buckets. 
Place both feet in the warm water for exactly one minute. Remove feet 
and place in the cool water for exactly one minute. Alternate in this 
manner for ten minutes, i.e., five minutes in each bucket. Increase the 
contrast of the water gradually from day to day. If the cool applica- 
tions are unpleasant, reduce their lime to 15 to 30 seconds. 

Massage. — Massage of the feet twice daily, spending a few minutes 
every morning and night, is an excellent tonic. In this massage it is well 
to use cold cream, cocoa butter, olive oil, oil of wintergreen or an 
analgesic ointment such as the following; 

B Olei giauUhcriae 
Acidi salicylic! 

Mentholu 
Carophorae 
PhenolU 

Ung aquae rosae 
Lanolin 

M et ft ung. and put in collapsible tube or jar 

aig : Use externally for to mm. twice daily. 

^be skin, but use a deep rotatory movement of the 
thumbs and fingers. 



. ^PPbcations. — ^Hot applications, consisting of flannel dress- 

gs wrung out of a hot saturated solution of magnesium sulphate, 
are of value m relieving the ordinary painful foot. 


(rrAntor *be young girl’s foot there is no exercise of 

fnnrl ordinary ballet dancing, if properly taught. It is 

fnH fT f ^be entire body in developing balance, poise 

“reless methods on the part of the 
cominr cause arches to break down instead of be- 

theTife nf should not be begun, as a rule, before 
overdone imv ®ollrooni dancing is excellent exercise, but if 

sy^mptoms of ihetatarsalgia, i.e., pain in te 

ar^iSl Ler.® T'' ‘‘J* ‘''‘= Ice-skating and roller-skating 

Ini' the feet and lees. While .k^ine on ice. a wide 


be worn outsid/t’he shoCmaS^ 

of^he lo^uS“l'a°,‘ of the supporting siruclures 

cises have been prera?ed™Th7'^'-S^’’'a’ “ 

prepared. They will be described later. 
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because it provides a point of attachment for the Achilles tendon and 
furnishes the initial bearing surface of the foot as it strikes the ground 
in walking, 

WTien a foot is in action, it is supported chiefly by muscles, but 
when standing, chiefly by ligaments. 

Foot Posture. — Normally, a plumb line dropped from the middle 
of the kneecap falls through the middle of the tibia, the middle of the 
ankle joint and a point between the roots of the first and second toes. 
If a plumb line is dropped from the middle of the back of the knee, it 
should be parallel rvilh and bisect (be heel tendon. 

Footprints may reveal a high or a low arch, but they are not of as 
much practical value as is often supposed. 
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are growing very rapidly or when the feet are unusually long and 
narrow, care should be taken to see that they are fitted properly. 

4. The adult: In the care of the adult foot, exercises, massage and 
contrast baths are important. Here proper fitting is necessary. The 
fluoroscope, which is in fairly common use at present, is of great 
value in obtaining proper-fitting shoes. The most important measure- 
ment is from the tip of the heel to the middle of the big-toe joint. 

5. The foot of a pregnant woman must at all times be properly 
supported, because during this period there is a tendency to a relaxa- 
tion of the supporting structures due, first, to the altered metabolism 
and secondly, to the increased weight her feet are required to carry. 
She must not go around the house barefoot or in bedroom slippers. 
Her feet should be exercised and massaged twice daily. 

6. In old age, frequent elevation of the feet and legs is a valuable 
aid to the circulation of the lower extremities. This treatment is useful 
for any one past middle life. It may be followed to advantage for an 
hour every morning and afternoon. 

7. During and after an infection, such as tonsillitis, influenza, scarlet 
fever and the like, bedroom slippers should be avoided; great care 
must be taken to prevent the relaxation of the supporting structures 
of the foot, due to the toxemia or poison resulting from the infection. 


Under the term “occupational foot conditions,” we have the foot- 
troubles of the dentist, policeman, iceman, barber, waitress, Durse> 
orderly, chauffeur, dancer and soldier. The peculiar circumstances that 
cause these disturbances cannot be enlarged upon here, but their treat- 
ment comes under the general rules laid down in this chapter. 

Standing causes more strain on the arches than walking, because it 
furnishes no interval of relief from weight-bearing. Many persons can 
walk miles wthout tiring but suffer considerably if compelled to stand 
in a street car or elevated train for thirty minutes. 


Physiology of the Foot,— The physiology of the foot consists 
cmeuy of the mechanics of a member whose function is twofold: first, 
weight-bearing, and second, flexible locomotion. 

Normally a plumb line dropped from the middle of the kneecap 
a s through the middle of the mortise-bone of the ankle and throug 
a poinl between the bases of the first and second toes. This is known ^ 
the weight-bearing line. In a normal foot, a line drawn through the 
middle of the great toe and continued backward passes through a 
central point in the heel. 

Ti,I'f“ importance are the astragalus and os calcis. 

."tv because it is the mortise-bone between the leg 
and the foot. The astragalus articulates with the tibia, fibula, scaphoid 
it cannot move itself because 
It has no muscle attachments; it is subjected to more superincumbent 
weight than any other bone in the body. The os calcis is important 
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the inner surface (the tibials) are stretched and lose some of their 
power. It is a physiologic law that when a normal tendon is over- 
stretched it loses power and, when allowed to contract, it promptly 
does so, thereby usually gaining in strength. There is gaping of the 



Fig ji. — ^High degree oJ pronation or flat feel Note large etostoses of the first 
metatarsal heads with bunions and hallux valgus 


bones on the inner border of the foot and compression of the bones on 
the outer border. 

Careful examination often reveals that the general muscular condi- 
tion of a child suffering from flatfoot is below par; there may be a 
generalized muscle weakness. Knock knees are more common than 
bowlegs. A round back is frequently present. The mother says the 
child is awkward, that it does not walk properly and that the ankle 
bones protrude. There seems to be a bone displaced; the ankles “inter- 
fere,” and the child complains of early fatigue, has “weak ankles” 
and runs the shoes over unnaturally. The child does not want to run 
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FLATFOOI 


The subject of flatfoot can be discussed under flatfoot in chadren, 
in infants and in adults. The early treatment is very important rad it 
includes rest, support, supination, exercises massage, contrast sp ays 
modification of the shoes and inserts m the shoes, 
have been devised for the correction of flatfoot, including those o 
Perthes, Gleich, Lord, Miller, Clark and Hoke, Wominc 

The subject of flatfoot among infants and children J 

mote and more important. The defect has 
consideration. Heredity is undoubtedly a very , 

causing this malformation, and in my experience y 

is usually the one involved. The various periods at \ , 

be inspected are: at birth, six months, one year, f'™ 
four years and adolescence. Naturally, one would o"‘'“P 
anatomic deviation of this kind in the negro, but ^ cSain 
that the disability or discomfort is more common m that race. k. 
disturbances in intra-uterine life might explain some ca , 
stance, unusual foot-position of the embryo might cause y 
dition causing weakened musculature may produce flat! . 
had cases follorving diphtheria. „ . , .u,. -nnears 

There is a definite type of weak, pronated or flatfoot 
coincident with adolescence, in long, slender, rapioly ® a-j. 
especially in girls. Focal infection, such as tonsUUUs, ..pcted 

foot by a toxic relaxation of the supporting structures, P 
by proper prophylactic measures. These infections g 

arthritis or rheumatism, with resulting rigid flatfoot deformi y. 
cases are quite resistant to treatment. . , gx- 

Obesity causes flatfoot in two ways: first, by the strain ° ^ 

cessive load, as there is usually a disproportion between the 
be carried and the size and power of the feet and low^r legs, 
by glandular disturbances such as are most likely to be seen ^ 
weight boys and girls. Knock knees are often found in these ^ 

Injury may result in a flatfoot. Infantile paralysis is 
cause. There may be severe mechanical effects on muscles, hg 
and capsules of the joints and bones. 


Anatomic Considerations of Flatfoot.-^One of the 
changes in flat feet is found to be the inward and do\vn\vara ^ 

of the upper border of the heel bone. Another is the lateral 
of the heel tendon. This may be the cause or the effect of the me 
ical disturbance. . 

The upper border of the mortise-bone is tilted medially, {„g 

inner border lower than the outer so that the weight strikes a | 

Instead of a square blow Mechanically this is injurious. 
tendons on the outer surface of the leg and ankle contract. Those 
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correct other conditions such as knock knees or bowlegs. The means 
to these ends include proper shoes, exercises, massage, contrast foot- 
baths, resilient pads, plasler-of-paris casts and operation. 

The child should be taught to walk with the feet parallel or 
toeing-in slightly. It should come down on its heels, tilt its weight to 
the outer borders of the feet and come up on the toes with a spring. 



Fjc ti . — Illustrating inner and outer border measurements of H. O. Thomas 
orthopedic heel 


Shoes. — Only in extreme cases will it be necessary to have the shoe 
made to order; but it should be a well-fitted lace-shoe. The writer 
always recommends shoes that come up around the ankle; but many 
good orthopedic surgeons recommend low shoes as giving more free- 
dom to the ankles. Some authorities permit low shoes for healthy or 
slightly weakened feet The most important measurement is from 
the back of the heel to the middle of the big-toe joint, which should be 
opposite the point at which the shank joins the ball of the sole. Next, 
wearer; it must not be too wide 
at the heel and through the shank, and should allow for the growth 
Pt ^ fluoroscope in fitting shoes is of great value. 

I’lexible-shank shoes arc indicated when the patient needs only 
exercise; but most of the patients brought to the orthopedic surgeon 
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and play. Pain 

On viewing tne ciinu iiuiii iliv nu.-i, v.ie sees 'j’® J''*!*™'"? ^ 

arch and the outward deviation of the fore part of the fo . P , 
Hne dropped from the middle of the patella falls ^ns|de the norm! 
point. A rear view reveals the ">">.alward curving o the heeUend® 
A plumb line dropped from the middle of the P, 

parallel with the heel tendon. The heel is flattened „ 

Lses producing the “heel of the ape,’ The P™X "ranM S” 
just below and in front of the inner ankle bone (the scaphoia) 



Fio jj — A and B, incoTrfct standing posture; C, correct posture. 


side 


bles another ankle bone. It is possible to have a flatfoot on on 
and a clubfoot on the other. ^ , vlets'poi'’* 

The value of footprints has been overestimated from tne . ^ {g 
both of diagnosis and of progress. The print of the foot of 

misleading in that it usually looks flat. As a matter of fact, i 
a new-born infant, if cross-sectioned, tvill reveal a definite do > 
obliterated by a fat pad. One may find a foot with a high arc 
a position of strain. a#.r^entling 

The chances of recovering from flatfoot are very good, “y 
on how well the patient, parent or governess carries out the tre 
In the rigid type the duration of treatment may be long. 

Treatment. — The objectives of treatment are to teach 
ing, to Incrca.'ie the power of the supporting structures, to stimu 
local circulation, to correct the flattening and restore the aren, » 
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quite satisfactory for preliminary wear. It may be discontinued when 
the feet improve in strength. 

The modification of the shoe consists chiefly in .the application of a 
Thomas heel, a method devised many years ago by an orthopedic 
surgeon of Liverpool, and one that has been altered at times but never 
improved. Each child must be measured for this heel. There are four 



Fig :7 — Supination board Abo\e front and rear views 
Below, side view. 
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need both exercise and support, and the latter -need is not supplied 
except by a rigid or semirigid shank. The problem is like that of keep- 
ing a bridge from sagpng in the middle. The insertion of a cor- 
rugated metal shank changes a flexible-shank shoe into one that is 
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dimensions: the inner border height, the outer border height, the 
inner border length and the outer border length. The imitations so fre- 
quently seen of this heel are very poor. The function of the heel is 
to compel the child to walk over the outer border of the foot, and 
when properly made it forces his ankle into the correct position. Re- 
enforced uppers for “weak ankles” are used occasionally as a tem- 
porary measure. It is important that the leather reenforcement be 
carefully molded over the ankle bones, or pressure-areas will result. 

Gymnasium shoes should be worn for gymnasium use only. They 
should include the ankle and have resilient pads inserted. Ballet 
slippers should not be worm except while dancing. They, too, can be 
padded. 

The child must not go barefoot except in the sand or in soft ground. 
During convalescence from any illness, it is very important that the 
child’s feel be supported at all times during weight-bearing, because 
it is a period of relaxation of the supporting structures of the arch. 
One should never permit bedroom slippers to be worn. 

Exercises to Correct Flatfoot. — Exercises are the most im- 
portant factor in the treatment. They are active and resistive, and 
should be carried out twice daily in bare or in stockinged feet. Exer- 
cises must be done slowly, and the feet should never be allowed to 
“come down Nvith a bang.” A great many special exercises have been 
described. Some of the most valuable ate these: 

1. Stand barefoot with the feet parallel and about two inches apart, 
straddling a seam or a line in a rug. On the count of i, force the 
feet apart without actually allowing them to move apart, thus throwing 
the weight on their outer borders; on the count of 2, allow them to roll 
in slowly but not all the way. This is repeated ten times at first, with a 
gradual daily increase that may run up to lOo. 

2. Same as number i, except that the two big toes are held to- 
gether and on the floor. 

3. Straddling a seam in the rug or a line on the floor, walk across 
the room wth all the weight on the outer borders of the feet and the 
toes curled downward and inward. Make the round trip five times. 

4. This is the same as number 3, except that one raises one fool so 
that it is opposite the other knee and walks across the room in that 
way, using the so-called “ostrich-step.” Weight must at all limes be 
borne on the outer border of the foot. 

5-_ The feet are held parallel, and the knees ate maintained in a 
straight position. The knees are then rolled outward, which auto- 
matically causes the longitudinal arches to rise (Lowman). This is re- 
peated from 10 to 25 limes. 

6. Rise on the toes, tilt the weight to the outer borders and come 
down in two counts. This should be done from 10 to 25 times 

7. Use a supination board about six inches high and eight feet long 
Its sloping sides being at the angle of an isosceles triangle. The child 
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10. Older children and adults can perform this exercise as follows: 
The left foot is turned inward and upward and held in that position, 
firmly. The right foot is placed against the left and attempts to force 
the left outward, which effort the left foot resists. Then the relation of 
feet to each other is reversed. After each of these exercises the subject 
relaxes his feet. 



Fic 3? — Ewrcue for stietchiDg the Achilles tendons. (Lewin, JA 3 IA, 88, 
Apnl 9, 1917.) 


Stretching the Heel Tendon. — ^The following are a few special 
exercises for stretching the Achilles tendon: 


I. Simply walking on the heels across the room five times. 

position with the feet parallel, the patient 
-quats doK-n to the position of sitUng on the heels, maintaining the 
heels and toes on the ground. This is done in two counts. 
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walks tlic length of llip board three or four limes as one would walk 
on the rid^c of a housetop. 

8. 'J'he subject is seated on n chair with legs crossed, so that the 
raised fool can relax. 11c then holds the foot at right angles with the 
leg and not turned in or mil. The exercise is done in four counts. 
On the count of i, tlic fool Is nitoned to relax into the position of 
toe drop. On the count of 2 , it is swung in; on the count of 3, it is 



Fic 31 — E\crcisc No lo for flat feet. 


forcibly pulled upward; and on the count of 4, it is brought back to 
the startmg position, describing a half-circle. This is performed 10 
times at first and rnay gradually be increased to 25 times. 

9. This IS a resistive exercise. The subject sits on a table, ana 
second person sits on a chair. The subject forcibly swings his in 
inward and upward and holds it in this position with .ill his power. 
The second person attempts to swing the foot outward and downward- 
This effort on the part of the second person is resisted by the subject- 
The exercise is carried out from lo to 25 times. At no time should the 
second person use as much power as the first. 
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in the foot; therefore, very little space is required. They are inserted 
directly into the shoes and held by means of a special glue. 

A Goldthwait figure-of-eight leather ankle strap is of some value 
Adhesive strapping is often beneficial, especially for injured feet. 
Plaster of paris is necessary in some cases and is usually better than 
braces for short periods. Some orthopedic surgeons recommend plaster 
over comparatively long periods, in an attempt to cause a certain 
degree of rigidity or stiffness in an overcorrected position. Braces may 
be required. 

Operation is rarely indicated, except for rigid flat feet, in which 
type forcible manipulation under anesthesia and the application of a 
corrective plaster cast are of great value. Occasionally the tendons 
must be operated upon. Lengthening of the heel tendon is necessary 
in so-called “muscle-bound” feet, because patients suffering from this 
condition are unable to perform the exercises properly, owing to the 
structural shortening of the tendon. 

Other operations are those performed on the bones and tendons. 

• DISTURBANCES OP THE METATARSAL ARCH 

The subject of metatarsal-arch disturbances — popularly known as 
one type of “fallen arches” — is attaining the increasing importance 
it deserves. For a long period It was a general conception that nearly 
every condition occurring in this region was a “Morton’s toe ” The 
term metatarsalgia, meaning pain In this region, designates a symptom 
and does not fully describe the condition 

The metatarsophalangeal joints are simple ball-and-socket joints. 
Like other joints, therefore, they arc subject to stress, strain, injury, 
growth disturbance and infection. The muscles and tendons of this 
region are important. 

The skin of the plantar surface of this area is unusually thick. 
The chief functions of the metatarsal regions are to afford stability 
in locomotion, to permit spring and resilience to the step and to relieve 
jars on the body, especially on the spine and the central nervous 
system. The transverse arch is highest near the midportion of the foot 
and gradually lowers toward the metatarsal heads. Considered from 
the mechanical point of view, the metatarsal arch is curved in two 
directions, laterally and from front to back. What is usually referred 
^ as the rnetatarsal arch is that structure formed by the metatarsal 
heads and is the true transverse arch. This mechanical structure pro- 
tects the nerves, vessels, muscles, tendons and ligaments of the sole 
of the foot from injury. 

The transverse arch is maintained chiefly by the transversely 
uuected ligaments. When the transverse arch is properly maintained 
ine anterior pillar of the longitudinal arch rests on the heads of the 
nrst and fourth metatarsal bones only; that of the fifth also presses 
on me ground in many cases, especially when more weight is borne on 



Deformities and Disabilities of Extremities 

X. The patient stands facing the wail with the toes s 8 inches from 
it. The toes arc placed together and the heels as far 


;\Mth theTan^s {Jbeed agSinst the wall and the heels 
door, the entire rigid body is allowed to 'I, ^ds 

by bending the elbows, and to remain in t^his f s.'ion a to 
before returning to the starting position. This is done in tno co , 

e.ach about ten times. . t„.„nK tistened 

4. The apparaliis for this exercise consists of 
to the wall and a heaNy wooden block 3^^ V r wall, 

and 7 inches in depth, fastened to the floor. The patie 
standing with the anterior portions of both feet touch 

ing on to the handles. On the count of i, the heels 
the floor, the body being kept parallel ^rilh the 
of 2 , the return is made to the starting , j --dually, 

carried out from lo to 20 times, this number being a 
S. The patient stands with the anterior half of each 
facing upward and holding the balustrade, and al o^\ 
drop. He then returns to the starting position. 

Other Exercises.— Ballet dancing is excellent 
the foot-training, although much of it is very hard 
arch at first. There arc, indeed, some children for who j. 

mental until their feet have been strengthened by 
lined here. Ballet dancing may be started at the age ^ r g or 

toe-dancing should not be started, as a rule, before tne g 

10 years. , , • « M and so 

Swimming is very good exercise. Roller-skating also is go ' y. 
is ice-skating, but both may be harmful at first unless prope ^ , .^g 
tions are taken. The child should wear a \vide figure-of-eig . . 
or leather strap outside of the shoe. Kiddy-cars may he j 
under certain circumstances. . , ., yg{jie 

Massage of the feet and legs should be given twice .Q^y. 

olive oil or cocoa butter. The movement should be deep ana 
In the case of painful feet in older children, an anodyne 
should be used. Contrast foot bathing should be prescribed 0 
children. , j. 

Support for the lon^tudinal arch, is obtained by means 0 
rubber pads. These afford a resilient support and thereby **^^*'^ those 
spring of the gait. They are preferable to rigid supports, such as 
made of metal, celluloid or leather. Metal arch-supports preve 
supporting structures from growing stronger. tiprause 

I have long since discontinued the use of leather insoles, ^ 
they confuse the shoe-fitter, who cannot judge accurately th® ^^rcu- 
of space to be allowed. He should be instructed to fit the foot a 
rately without allowing for anytWng. The pads go into natural non 
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proper shoes and incorrect shoe-fitting. Short stockings and the pulling 
of stockings too tightly are additional factors. Heredity may be im- 
portant, especially in the rheumatic and “high instep*’ pes cavus cases. 



Fic 3S — Modification of shoe (or correction of anterior arch depression A, sole of a 
proper walkins-shoe B, position of leather metatarsal bar, inch thick and i inch wide 
C, position of metatarsal crescent and relation to heads of metatarsals 
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the foot. If tlie transverse arch yields, the heads of the intervening 
metatarsal bones receive undue pressure and callosities develop under 
them. Wlicn the muscles of this region are paralyzed or weakened, 
the toes assume a position of “clawtoc” and llic normal gait is inter- 
fered with. Conversely, if the toes are forced to assume a position of 




Flo. 33 .-“A. normal {wrltlon of mcl-ntarMl j,,rtbn el 

prcvetl melalar^al arch. C, (ieptc5»ion of fourth tneial3r«l head, with 
callosily. 



Fig 34 — Door-stop ewrciso for metatarsal arch weakness. 


clawing by any agent, such as improper shoes, these two S^oup^ ° 
muscles are unable to function properly, and the unopposed acuu 
of other muscles aggravates the clawing and forces the meta 
heads to assume a depressed position. 

Causes of Depressed Metatarsal Arch— Ifetatarsal 
are due to various causes. Comparatively infrequent in childhood, 
are very common in adults. Women suffer from them more often 
men, undoubtedly because they are so frequently the victims ol im 
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cation of an anodyne lotion, is used in conjunction with hot applica- 
tions and elevation of the feet. 

Shoes must be of straight last, round toe, medium-width shank and 
moderate-height heel. The shank should be rigid if there is an accom- 
panying disturbance of the lonptudinal arch. The fitting of the shoe is 
very important. Even custom-made shoes are often too short. The 
shoe may be modified by the addition or insertion of a metatarsal bar 



Fig 38 — Metatarsal elastic band 


or, preferably, a crescent. Into tbe shoe there should be inserted a felt 
pad properly shaped and beveled to support the depressed structures. 
Ihis pad may be applied directly to the foot temporarily, secured by 
means of a resinous glue and strips of adhesive plaster or by means 
of a simple elastic metatarsal cuff, which in itself has some value in 
supporting the arch laterally. A laced leather cuff is preferred by some 
orthopedic surgeons. An adhesive compression band often affords con- 
siderable temporary relief. 

The fell pad is usually inserted directly into the shoe, being secured 
by means of glue. An insole is not essential. Because it is not physio- 
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''' ’I’’™"';’'* »' mclalarsalgia. Infections of 

mnv Im f t f""’’ s'lare of these eases. The infection 

' '"i ' •■'■'’ '"'K'f'l ><tcth, tonsils, sinuses and, 

Toxemia, as from pregnancy or from an 
*"f ‘ 'S ••> causative factor. Static disturbances, 

such tis prolonged standing on hard floors, predispose to arch troubles. 

yaribus sorts arc very import.ant, such as the sprain or 
^ 1 1 seen m tfic chauffeur’s foot or in the dancer’s foot, especially 
f!!r ”*'*{’?' injury from shoes has been mentioned. Injury 
y tailing objects or being stepped on by another person or by an 
imai may cause mctatarsalgia. I have seen a nurse who developed 
metatarsaigia following the accidental shooting off of all her toes. I 
^ physician who had mctatarsalgia following a septic 
imcction of the metatarsal region as a result of the piercing of his 
s IOC by an inieclcd knife \vhich dropped during Jin operation. Frac- 
tures, dislocations and burns, both by heat and by chemicals, may 
result m mctatarsalgia; the same is true of a “high instep," sometimes 
appearing at puberty; disturbances of the circulation; frost-bite, cbil- 
blams, trench fool, and soft corns. 

<lcpression or inversion of the arch, which normally U 
' fUa produces pressure on the nerves and relaxation of 

''^^***8 and soft corns (usu jly between the 
fourth and fifth toes) are common. 

symptoms of metatarsal arch disturbances are 
S»/»;r times, spasm of the muscles and contracture oi 

lnvl«?nn physical conditions of metatarsal depression are the 

ii«;\niKr A ^ formation, sensitiveness and tenderness, 

Periostitis. Every schoolboy knows that if he can grasp 
sion ht> ^ hand, depress the knuckles and e-xert lateral compres- 
metatarsal situation is found in a depressed 

usually not necessary in making a diagnosis, 
side ^ desirable. They reveal the depression on 

fifth metatar^^ni^ r bunions, "bunionettes" (overgrowth of the 

sesamoidsundenhTbiitoe'joim, 

cooperation result of treatment depends on the 

the usual tvoe nf is often long. The treatment of 

the latter beina r ®*^*ursalgia consists of local and general measures, 

consists of refef disturbances. The local 


consists of relief fm™ ■ disturoances. me locai V““"Tj 

shoeing. mel.nt»r.„i “^.®'"™‘dion or irritation, proper shoes ana 
2 physiologic restoration of power 


shoeing, metatarsi rno 

atnictares oTtlJ 

from weigSearin^ In'S" accomplished by rest and lehe! 

6 Pairing, in the severe cases, rest in bed, wth the apph* 



Ankle Sprains Volume li] 53 

they are screwed into a board about 14 inches long, 8 inches wide and 
2 inches thick. The centers of the door-stops should be 6 inches apart. 

The board is placed on the floor, and the patient sits on a chair in 
front of it. Each foot is placed on a door-stop with very slight pressure 
just behind the metatarsal bones. On the count of i the toes are 
forcibly curled down, and on the count of 2 they are allowed to relax 
slowly. This is continued until one has counted 200. (This number 
should be attained gradually.) 

Towel Exercise. — The patient sits in a chair. A large hand-towel is 
spread on the carpet, rvith the narrow edge facing the patient. Both 
feet are placed on the towel so that half of each foot is on the towel. 
The towel is grasped with the toes of one foot, then with the toes of 
the other. As the toes of one foot grasp, those of the other foot relax. 
This is continued until the entire towel is under the feet. 

Golj-ball Exercise. — A golf-ball is placed on the rug and rolled under 
the metatarsal arch for one minute. Then it is picked up with the toes 
of one foot and placed under the toes of the other foot, and the exer- 
cise is repeated for another minute. The patient alternates in this 
manner six times. 

Marble Exercise. — Marbles of various sizes are placed on a rug. 
The patient sits in a chair and picks up marbles nith her toes. 

Pencil Exercise. — A round pencil is placed on a hard floor, and, by 
means of the curled down toes, the patient pushes and pulls the pencil 
around the floor with short, quick movements. 

Arch-supports. — ^There has been much discussion concerning metal 
arch-supports. It is the writer’s belief, based on some years’ e.xperi- 
ence, that metal arch-supports, because they act as props or crutches, 
are of doubtful value. While they brace or hold up an arch, they do 
not increase the power of the supporting structures of the arch; in 
fact, the effect produced is generally one of weakening, and they are 
therefore not recommended. Arches can be held up by resilient ma- 
terial which not only supports but tends to increase the strength of 
the supporting structures of the feet. 

Diathermy, negative galvanism and sinusoidal current are helpful 
adjuvants in the treatment of metatarsalgia. Plaster-of-paris casts are 
frequently required. Less frequently is operation necessary. 

Among the allied conditions found are profuse perspiration, ring- 
worm, hard and soft corns, calluses, warts, bunions, “bunionettes,” 
hammer toes, contracted tendons, circulatory disturbances and a stiff 
big toe. 

ANKLE SPRAINS 

A sprain is a stretching or tearing of the muscies, tendons, ligaments 
or capsule of the joint. A fracture is a break of a bone. There is a 
saying that a sprain is worse than a broken bone. This is untrue 
.'lany sprains, however, are improperly treated because the roentgen- 
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logically correct to compress the cfclicatc foot muscles between the 
rigui bones above and a rigid object below, I practically never use a 
metal plate to stjpjwrl a (!cpresse<! metatarsal arch, depending entirely 
on the resilient sut)porl of the fell pad. Tlic patient’s hose should be 
long cnongii and must not be dra\m too tightly. Massage of the feet 
twice daily with a special ointment is very valuable. Contrast foot- 
baths afford the feet a very valuable Ionic, 


5 tructur«‘’oi?^i’ 7 «°^ IX’rform'nR ewciscs to slrensthtn the supporlin? 

on metalatsal arch A. the door-stop hoard; B. nstf S 

the toes downward oSJTheln'S""”*"® illustrated in C-namely, tor S 

^ Relvfuz. Exerctses.— Special exercises are of the greatest _valu« 
Iff of fh« supporting structures and the flexibility 

of .the metatarsal arch Mumerous exercises have been described and 
recommended. The followng have been found of much value. Each 
exercise is done rvith the bare feet twice daily: 

Door-siop Exercise.— Tvfo old-fashioned door-stops, obtainable aj 
the hardware section of one of the s-and-ro-cent stores, are prepared 
for use by removal of the rubber tips rvith a pair of nippers. Then 
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There is still a divergence of opinion concerning the immediate treat- 
ment of a sprained ankle. The following is a good routine: 

1. Give it absolute freedom from bearing weight. 

2. Elevate the entire limb. 

3. Apply a snug gauze bandage over sheet-wadding or cotton, 

4. Apply ice bags. 

5. Have a roentgenogram made and strap the ankle with adhesive 
or, if the sprain is severe, apply a plaster-of-paris cast. 
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the application of a firm adhesive strapping. .After seven leu 


iTirr: •: 


a*' I I 
XU iuJ 



Fic 4a — Adhesive strapping lor sprained ankle. 

days an elastic anglet or resilient bandage is worn. of 

morning and evening for massage and contrast baths. If ..gpients 
radiant heat can be given, it will hasten recovery. Passive mo . 
of the joints by a second person and active movements but ^ out 
bearing by the patient are very important and should be car 
within the limit of pain 



Fic. 45 — Bunions, halluT valgus and flat feet 


S7 
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Fic 48— Pes cavus, or hollow fool Note the high longitudinal and low tr5DS\erse arches 


and determine the amount of blood going to the tissues. They are not 
under the control of the individual. They are affected by such poisons 
as alcohol, tobacco, lead, arsenic and infections. 


RIGID TOE JOINT 


Hallux rigidus, or rigid big-toe joint, whether of the flexed or the 
straight variety, may be relieved by the insertion of a thin strip of 
steel the entire length of the sole of the shoe, in order to prevent 
movement at the big-toe joint. True gout is not seen very often at 
present, but there is a very definite rheumatic condition occurring in 
the region of the big-toe joint that is either caused or aggravated by 
disturbances of metabolism, especially the metabolism of meat, fish and 
eggs. Sesamoiditis is a painful condition involving the under surface 
of the big-toe joint. The sesamoids in the tendons are subject to much 
stress and strain, especially in stepping or jumping from a height or 
m dancing. Often the roentgenogram will reveal a divnsion of a 
sesamoid resembling fracture Many of these are developmental pecu- 
liarities which are especially susceptible to injury. Usually relief from 
weight-bearing affords comfort, but occasionally removal of the bone 
is necessary. 

HALLUX VALGUS 


Hunions are due to bursitis, or inflammation of the bursal sac, in the 
region of the big-toe joint. Hallux valgus is the outward deviation of 
the big toe with the formation of an overgrowth of bone (e.xostosis) at 
the big-toe joint The chief causes are heredity, short or pointed shoes, 
short stockings, infection or injury. The most important prophylactic' 
or preventive, measure is proper shoes and shoe-fitting from infancy 
to old age. ^ 
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6. Crulclics sliouk] be used. ^ . 

7. Tile foot should not Iiang down for long periods. The guides, in 
this respect, arc swelling, blueness and pain. 

The arteries of the linih.s have sympathetic nerves in their walls. 
These nerves control the si/c of the openings to the smaller vessels 



Fig. 47— The a* shown in Fi^re 46 after operation designed by Df. 

L Porter fPorter, Surg Cynec Obst„ a6 460 (Apnl) 
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Pes cavus, or hollow foot, is an exaggeration of the longitudinal arch 
with depression of the metatarsal arch. There is usually limitation 
of dorsiflexion. 

Heredity is an important factor. I have seen three members of one 
family with this deformity. High-heel shoes, excessive use of the calf 
muscles (sometimes seen in dancers), infantile paralysis, neuritis in 
childhood, gout, rheumatism, injury and habitual posture of the foot, 
such as is seen in compensation for a short limb, are other factors in 
causing this condition. 

CALCANEAL SPURS 

Etiology. — It is the customary teaching that all calcaneal spurs 
are gonorrheal in origin This is grossly wrong. The various factors are' 
as follows: First, focal Infections with the ordinary cocci, gonococci 
and spirochetes; second, metabolic disturbances, especially of gastro- 
intestinal and gallbladder origin (I have seen a large number of cases 
in which the metabolic factor either was most important or was an 
element in the exaggeration of other factors, possibly in the nature 
of a sensitization process); third, trauma, due to injury and improper 
shoes; fourth, static, due to flat feet, and fifth, a pathologic condition 
of the plantar fascia — a short plantar fascia pulling on its attachment 
to the os calcis. 


Anatomy.— The plantar fascia takes its origin from the tuberosity 
of the os calcis If pressure is applied to this area or if the plantar 
fascia pulls on its attachment, there will result a slight separation or 
pulling off of the periosteum at this point. Owing to the stimulation 
of trauma or infection, or both, osteogenesis occurs more actively and 
a vicious cycle is established, i.e., as the periosteum separates, new 
bone formation occurs and a spur results, due to the proliferation of 
the osteogenic layer of the periosteum. 

Symptoms. — The symptoms are pain, tenderness, swelling and limp. 
The onset is usually gradual except when due to an infection, such 
as acute arthritis, when it may be very acute. The pain and tenderness 
are usually along the internal lateral border of the os calcis or at the 
attachment of the plantar fascia. The roentgenogram may or may not 
reveal a bony spur, depending on the duration of the pathologic con- 
dition and the density of the spur Many very painful heels are seen, 
roentgenograms of which reveal no spurs. 

Diagnosis. — The differential diagnosis rests between osteoma, flat- 
mot and arthritis. 


PrognQsU._The prognosis of complete relief is good if the spur is 
me only cause of trouble If there is an arthritis of the foot, removal 




Apophysitis of Os Calcis ‘^lume nl 

It is a fairly common condition, occurring usually in boys between the 
ages of nine and thirteen years. The probable cause is concerned with 
two factors: local injury, either external or internal, and local circu- 
latory disturbances affecting the growth center during a critical period 
in its development. The treatment consists of immobilization in plaster 
of paris and relief from weight-bearing, plus general hygienic con- 
siderations. The chances of recovery are excellent. 

There may be a history of injury, but the initial causes differ. The 
child might have been running on hard pavements, wearing sandals 
or tennis shoes. The onset is gradual. A limp is usually the first symp- 
tom, and it may or may not be accompanied by pain. The pain is dull 
and localized to the affected area. It is less marked while shoes with 
heels are worn Pressure by the shoe aggravates the pain. Swelling 
is present. There may be obliteration of the normal outlines, due to 
thickening of the tissues. Signs of acute infection are not prominent. 
Tenderness may be present over the posterior portion of the heel for 
weeks or even months. The child does not permit stretching of the heel 
tendon, which accounts for the toe-drop position of the foot. There is 
a disinclination to complete the full step while walking. Flatfoot may 
be present. 

Roentgenograms made in two directions reveal irregularity of the 
bone with thickening in all directions. Clouding, irregularity or partial 
obliteration of the epiphysial space may be observed. 

Other conditions occurring in this area are: 

AchlUobxirsith, or inflammation of the bursa between the Achilles 
tendon and the os calcis, reveals a more superficial and localized 
inflammation. Roentgenograms of the bone are normal 

Tenosynovitis of the Achilles tendon is characterized by pain re- 
ferred to the tendon and by palpable grating, crepitus or roughness on 
movement. The roentgenogram is negative. 

Bursitis between the heel tendon and the skin is a superficial in- 
flammation, usually the result of pressure by the shoe. 


The prognosis in apophysitis of the os calcis is excellent if proper 
orthopedic treatment is instituted. The duration of the condition may 
vary from a few weeks to several months. The trouble may recur as 
a result of overactivity or injury. 


Treatment. — The treatment of apophysitis is simple. The objectives 
are to relieve the Achilles tendon of strain and to prevent weight- 
bearing on the os calcis. The most satisfactory treatment of a severe 
case consists of the application of a plaster-of-paris cast extending 
trom the toes to just above the knee, in such a manner as to hold the 
loot in a slight toe drop— thus relaxing the pull of the calf otoud 
muscles— and the knee slightly bent. Two crutches and a two-inch 
block under the heel and sole of the opposite shoe aid in locomotion 
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of the Spur will not give sufftcicnl relief. Most patients can be made 
comfortable without operation; others are not relieved by operation. 
There may be recurrence of symptoms and spur formation in the same 
or the opposite foot. 

Treatment. — NoNori:RATr\T. — Tlie ctiologic factors, the residue of 
a gonococcu.s infection, infected tonsils or teeth, should be treated if 
they can I ' ’ should be relieved il 

possible. anti bed treatment, 

consisting n pbj® fomentations, 

should be given, ./vn e.weuem aiiutiyiie louun ».-> described on page 7. 

Directions for the use of this lotion arc as follows: The 
and ankle arc covered by four layers of gauze saturated wtn e 
lotion and enclosed in oiled silk or rubber slicctlng. Hot . 

*of strips or pads of flannel arc wrung out of hot water, 
layers wrapped around the impervious layer, and another ° . 

silk applied. A hot water bag is placed at the side or under tne 
and everything enclosed in a Turkish towel. The foot should 
vated. A smalt amount of lotion is added and the fomentauo 
newed three times daily. .. 

After all pain and most of the sensitiveness have oisapp > 
plaster-of'paris casts should be applied. Proper shoes are pr 
after casts have been worn from two to four weeks. Shoes sn 
high, laced, of straight last, round toe and mcdlumAvidih snan » 
at first. Felt pads arc inserted in the shoes to relieve , 

on painful areas. The heel of the shoe should be entirely 
a low rubber heel substituted. Roentgenotherapy is adyocated 
I had a patient who pounded his heels with the flat side of a 
daily for many months and experienced relief. 

Operative. — Operative treatment consists in the causa- 

Operative trauma often stimulates osteogenesis, especially » 
tive agent is still operating. The size of the spur is not the de 
factor. The removal oi the spur is accomplished by means 0 
or ost^tome and mallet. Plaster casts are applied and snou 
in position for about ten days. 

PosTopEiyvTiVE. — Postoperative care consists in the 
weight-bearing by means of proper shoes into which „ jm- 
weight-relieving felt pads. The diet should be considered ^ 
portant in cases of metabolic disturbance, and these ^^j^^iathermy 
common. As a rule, meat, eggs and fish are contraindicated. ^ 

IS beneficial for an accompanying arthritis. 


APOPHYSITIS OF THE CALCIS 


Apop^sitis of the os calcis, first described by Sever, is nu 
tion of the cap-like epiphysis of the posterior portion of the 
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Upper Arm. — Conditions of the upper arm are chiefly rupture of 
the biceps tendon, posttraumatic, such as fractures and dislocations, 
rupture of muscle, rupture of tendon, myositis and brachial neuritis. 
The chief measures of value are radiant heat, massage and diathermy. 


Elbow. — Conditions around the elbow that are benefited by physical 
therapy are chiefly arthritis, periarthritis, bursitis, posttraumatic con- 
ditions, such as fracture, dislocation, fracture-dislocation, epiphysial 
separation, rupture of the attachments of the flexor and extensor ten- 
dons The most valuable measures are rest, radiant heat, massage, dia- 
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This ease should be removed nl the end of two weeks and another 
immediately applied, extending from the toes to the garter line, holding 
the fool at a right angle and nut turned inward or outward. At the end 
of four more weeks, this cast should be removed and a high, laced 
shoe, with a three-quarter-inch cork lift for the heel, worn. Weight- 
bearing with the aid of crutches sliould be carried out for another two 
weeks. Contrast baths, baking or diathermy should be employed 
during this period. 

During the course of treatment, emphasis should be placed upon 
direct sunlight and proper food. If a glandular disturbance is present, 
proper treatment should be instituted. 

if the ease is so mild that the foregoing treatment is not ncccss^^, 
it will be sufficient to elevate the heel, remove the counter of the shoe 
and insert a pad of fell or sponge rubber in the heel. The heel may 
be protected by adhesive strapping and the flatfoot corrected. Ruddce 
heels should be worn. 


KNOCK KNEE — DOWEEC 

These conditions arc caused most commonly by rickets and oth^ 
nutritional disturbances. Deformity should be prevented if possioie, 
if not, it should be corrected. The means of correction include massag j 
ultraviolet lamp, modifications of the shoes, plasler-of-paris casts, 
braces and operation. 


Indications for Phvsicae TjiER^trv jn Various Regions 

The various regions will be considered in the followng 
Shoulder, upper arm, elbow, forearm, wTisl, hand, hip, thigh, 'o ; 
leg, ankle, foot. 

Shoulder. — ^The chief conditions around and in the shoulder 
that are benefited by physical therapy are: (i) arthritis; {2} F~ . 
arthritis; (3) subdeltoid bursitis; (4) calcification in and aro 
the supraspinatus tendon; (5) brachial birth palsy; (6) 
and distotions; the most important being subdeltoid bursitis ana 
calcification of the supraspinatus tendon, arthritis and 
In arthritis, the tendency is for an adduction deformity with resu 
contracture of the subscapularis and pectoralis major 
means of physical therapy these can be prevented and, if they 

be done to correct the deformity. . . 

The measures which are most valuable are: rest, radiant neav, 
massage, passive and active movements, manipulation, plaster cas » 
braces and diathermy. 

Physical thera^ agents are of ^^lue after fractures and dislocatioi^ 
of the shoulder. One must beware of displacing the fragments m 
case of fracture, and displacing bones Jn the case of dislocation, 
producing redislocation. 
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splinting midway between pronation and supination, local applications 
of heat, very gentle massage and diathermy. Operation is frequently 
required. After fractures of the elbow in children, there is danger of 
myositis ossificans. After dislocations about the elbow, physical therapy 
must be very carefully instituted because of the danger of adhesions 
and stiffness. 

In cases of dislocation of the upper end of the radius with rupture 
of the orbicular ligament, suture of this structure may be required, 
using fascia as a plastic means of reconstructing the ligament. 

Forearm. — Conditions in the. forearm include rupture of muscles or 
tendons, myositis, fibrositis, paralysis of muscles, pronation contrac- 
ture, Volkmann’s ischemic contracture; posttraumatic, such as frac- 
tures and synostosis. The most valuable physical therapy measures 
are rest, radiant heat, massage, diathermy, and active and passive 
movements 

Splinting of the forearm, wrist and fingers in cases of Volkmann’s 
paralysis is very important if operation is to be prevented. 

Wrist, — The conditions at the wrist which are benefited by physi- 
cal therapy are: arthritis, fracture, dislocation, fracture and disloca- 
tion, epiphysial separation, fracture and dislocation of the carpal 
bones. The most important fracture is of the scaphoid; the most im- 
portant dislocation is that of the semilunar. After proper reduction or 
extirpation of the involved structures, physical therapy measures are 
of value, and the most important arc rest, radiant heat, massage, dia- 
thermy, active and passive movements. 

Hand. — The important conditions in the hand are contractures of 
the hand, the fingers and thumb, arthritis, posttraumatic, such as 
fracture and dislocation, ischemic contracture and wristdrop. The most 
valuable measures are radiant heat, massage, diathermy, manipula- 
tion, active and passive movements, support, such as braces, plaster 
casts and special splints. 

In case of Dupuytren’s contracture, many of these can be pre- 
vented in the early stages by splints If they cannot be prevented, 
operation is indicated. The best operation is that described by Kanavel, 
Koch and Mason. 

Hip, — In the hip the most important conditions are flexion con- 
tracture, arthritis, periarthritis and bursitis. 

An adduction deformity may require tenotomy of the adductors. 
In a case of trochanter bursitis — that is, bursitis in the region of 
the great trochanter— rest, local applications, radiant heat and dia- 
thermy are indicated. 

Thigh.--In the thigh the important conditions are mvositis fnr 
lures, bursitis and naralvsis. niyosuis, irac- 



np, rch»pnr 11 
Ivolumo 11 


Deformities and Disabilities of Extremities 


thermy, and passive and active movements. Ilraccs, splints and casts 
arc of value. Manipulation under anesthesia is valuable in cases oi 
adhc.sions. 

Bursitis in the elbow region: There is a condition known as 
tennis elbow, epicondylitis, or rndiohumcral bursitis, which is caused 
by tennis playing and other activities. The treatment includes rest, 




In the thigh, rider’s muscle is due to irritation, and in some cases 
it is amenable to treatment rest and very gentle massage. In 
some cases operation is necessary. 

Knee. — ^The important conditions in and about the knee in- 
clude: arthritis, internal derangements, external derangements, condi- 
tions affecting the bones, muscles, tendons, and ligaments, fibrositis, 
traumatic synovitis, fractures, dislocations and bursitis. 

For the knee conditions, one recommends rest, radiant heat, massage 
and diathermy, which are usually very effective. 




In semilunar cartilage disturbances, the treatment includes manipu- 
lation, with or without anesthesia, retention in a plaster-of-paris cast 
for a few days and physical ther.ipy, including radiant heat and gentle 
massage. If the cartilage slips out repeatedly, operation is indicated. 

One of the most important considerations in most knee conditions 
is: the maintenance of tonicity of the quadriceps muscle by active 
and passive movements, and electrical stimulation. 

The Jones knee cage is a valuable brace in the ambulatory treatment 
of many conditions. 

Leg.— The important leg conditions arc fractures, myositis, and cir- 
culator>' disturbances of the arteries, veins and lymphatics. 
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ankylosis. I have divided the treatment into six sections: (i) the 
proper care of the original causative condition whether it be arthritis, 
sepsis, a gunshot wound or a fracture through or near a joint; (2) the 
use of physical therapy, especially radiant heat, gentle massage, active 
and passive movements and diathermy; (3) proper posture, so that if 
ankylosis supervenes, the joint will be in the best position for future 
use; (4) the proper use of splints, braces and casts-— this includes 
adjustable splints, bivalved casts and wedged casts; (5) manipulation 
both by the physical therapist, without anesthesia, after the use of 
radiant heat and gentle massage under warm water, and by the 
orthopedic surgeon, under anesthesia. In the case of manipulation, 
great care, judgment and past experience are necessary to determine 
whether manipulation under anesthesia is indicated and to what degree 
it may be reasonably carried out; (6) operation which includes syno- 
vectomy, osteotomy, cheilectomy and arthroplasty. 

The most valuable literature on the subject of stiff joints is that by 
Sir Robert Jones, Henderson, Elmslie, Bristow, Bankart and Fisher. 

Hysterical stiff joints and malingcreys stijf joint: 1 saw several 
cases during my army service in the camps in America, where soldiers, 
fn an attempt to be released from active duty, declared they had a 
stiff knee in flexion or extension, a stiff elbow, a stiff shoulder or stiff 
spine. Under anesthesia the stiffness disappeared entirely, and the 
soldiers were proved to be malingerers. 

ARTHRITIS 

_ The writer is not a physical therapist, but, because a large propor- 
tion of his work is in the field of arthritis, he has had the opportunity 
of observing, critically, the effects of various physical therapy agents 
and agencies on individuals suffering from various conditions which, 
to the majority of clinical obser\-ers, have been, correctly or not, 
included in the term arthritis. 

These conditions are arthritis, synovitis, neuritis, myositis, fibrositis, 
myofascitis, bursitis, tendonitis, tendovaginitis and gout. 

From the orthopedic point of view, in the treatment of a condition 
like arthritis, where so many remedial agents are used, it is difficult 
to evaluate the effect of each one. The operator, the apparatus and the 
stage of the disease are variable factors. The patient’s statements are 
of value, although often unconsciously incorrect. 

It is a combination of factors that usually causes arthritis; likewise 
a combination of agents may be necessary to relieve or cure it. 
Phj'rical therapy is an important adjunct in the treatment. 

The direct treatment of a patient with arthritis deformans may be 
divided into three divisions, viz., local, focal and geneml, 

, The most important factor, especially from the patient’s standpoint 
Js the relief from pain. This must be accomplished. It should be done 
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and"pa'iSS'c’oS'ons! 

» poini“^;o‘"^^ "*’/ '? “'! <0 

which is usually a minfid "lusdc, 

treatment includes r£t certain of these conditions. The 

in some cases oper^ion ’ 

arthritis, synoWt'^'^r'aci"ures"'*t-'t’"'' 

disturbances, ’ * dislocations, sprains, strains and static 

the apphcatLT'of"rnUi*'^ treatment includes rest, elevation, 

XVhnrt . I adhesive .‘^trapping or ciastic compression 

r nted, one must prescribe the proper waiting- 
as as needed. criifcli/*c finr? uti^r «« m-scrtitro 


wLn . n.- Ml 

shoe with modificTdnTi**^'*’ ?"**' Prescribe the proper waiting- 

exercises an7cSst sp?ayr ’ 


joints 

articular divisions are extra- 

factors. The tissue* ^ factors. There arc local and general 
synovial membrane ^®”®;dcrcd nrc primarily the cartilage, 

The cause of Jiw /igamenls. 

or nonosseous **?^*'^**y adhesions which may be osseous 

surfaces after* thf^ -if»v fdnosions cause the agglutination of bony 
duces ankylosis 'T'ha cartifage has been destroyed. This pro- 
adhesive fibrous hin^ nonosseous stiffness is due to the formation of 
In the patholoct f is a very important factor, 
factors, should consider the primary and secondary 

prominent. It immobility. Pain may or may not be 

during the period wh^n f, ^"-rmportant factor in preventing movement 
occurred, there is ucu-jI}, i’oeoming stiff. After ankylosis has 

force. Roentgenonramc m unless the ankylosis is disturbed by 

complete ankylosis !§ nrp deceptive in determining whether 

indicated complete antvf • ^ roentgenograms which 

movement in the joint surprised to find considerable 

indication of ankylosi? ,cr., other roentgenograms where no 

fibrous adhesions and pain ^ but the joint was stiff due to 

The prognosis in the ci<5#» of • • 

that IS already stiff shn„M I**’”* *bat is becoming stiff, or in one 

both directions, ’ guarded. One is given surprises in 

Treatment.— The treat 

prophylactic, curative factS^* concerns preventive, 

3nd means to prevent a relapse or re- 
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Tic. 59— Rocntgenognm of the lurnbir simie iHustnline hypertrophic- arthntis Note 
the bony bridging across scseral vertebrae 
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while a thorough search for the 

joint should be put at rest. T? minM part is swalW 

get up for meals or to go to the bvator>-. The pa ntol part 

fvith Lips of gaure s»b<'-ated with an soreness, con- 

During the acute stage at all forms of artimt s «nen 

gesttan and pain of the jotnts ucatment. De- 

principlc of orthopedic surgeiy , ‘ „otcction splints and 

formity must be prevented. Cw nevS be nu^^ 

rest accomplish this. Joints at this lime should never 

or str.iined, because the ictive 

circulation, and trauma . 



Fie. 58, — Atrophic arthritis of the hands with deionnit’ 


c7 }inwever» 

motion is encouraged. After the acute stage has passe , jj^vebeen 
joint function must be restored if possible. The best occu- 

secured through very gradual use of the joints by quicker 

pational work. Manipulation is used less and less, an n^ore 

method is being displaced by more gradual and, on tne are 

satisfactory daily exercise, rvith rest periods. By this, tn better 

developed to keep pace with the increased range of motto p^o- 

circulation follows with more permanent results. If later, been 

cedures are necessary to obtain joint motion, the muscle^ ooner after 
used, are ready to do their share in securing motion much s ^ 
operation, and the danger from adhesions becomes less bee 
preparation. ^ , coop^^^' 

In arthritic conditions one must realize the importance 
tion between the orthopedic surgeon and the internist. 
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Sciatica 


In the treatment of arthritis of the spine, one should consider 
traction, Bradford frame, heat, massage, diathermy, posture, exer- 
cises, strapping, braces, belts and electrical stimulation of atrophic 
muscles. 


SCIATICA — SCIATIC S\TJDKOXIE 

Sciatica, or the sciatic syndrome, is a condition characterized by 
pain along the course of one or more of the nerves of the lumbosacral 
plexus j the most common radiation of pain is donm the back of the 
ttugh, into the leg and down to the heel. The pain, however, may 



Fic 64 — Plaster-of-paris body cast used in the treatment of arthntb of the upper 
lumbar spine 


radiate down the inner or outer border of the thigh, rarely down the 
front. The term sciatic syndrome Is preferable to sciatica or sciatic 
neuritis It is not a neuritis, but a neuralgia or symptomatic neuritis. 
Primary sciatic neuritis is a rare condition usually caused by lead, 
arsenic, syphilis or alcoholism. The symptoms include pain, with limi- 
tation of movement and, in cases of sciatic scoliosis, a lateral shift of 
the body. Roentgenograms often re\-eal hypertrophic arthritis in the 
lumbosacral or sacro-iliac joints, or both. The differential diagnosis 
is important, and one must exclude cord tumor and tuberculosis and 
malignancy of the spine. In order to c.xclude cord tumor, every patient 
should have a neurologic c.xamlnation. 

The treatment includes removal of foci of infection, such as in the 
teeth, tonsils or intestinal tract. Treatment of the arthritis of the spine 
mcludes symptomatic treatment to relieve pain. Radiant heal, gentle 
massage and diathermy are usually effective. In some cases massage 
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ARTHRITIS OP Till*. SriNE 

Arthritis of the spine is tisually of thc^ hypertrophic type. Pure, 
imcomplicalcd atrophic arthritis of the spine is rare.^ In fact, there 
are numerous clinicians who arc unable to recall one instance oi un- 
complicatcfl atrophic arthritis of the spine, even though they have seen 
large numbers of the hypertrophic type. Therefore, we may say th^ 
arthritis of the spine is usually of the hypcrirophic type manifested 
by pain, local and referred, limitation of motion, a slj» or even 
a poker spine, tenderness to movements, sensitiveness to jarring, pain 
on sneezing, coughing or straining at the stool; roentgenograms reveal- 
ing the hypertrophic or ostco-arthritic changes. 



Fjo. 6j.— C orwi fpinc brace. 



Brachial Neuritis 


Chapter Jl] 70 
Veiane IIJ * ^ 


and diathermy may aggravate symptoms. Putli recommends a bivalved 
cast made with the patient in the deformed position, and the use of 
heat from an alcohol lamp in the form of Bier’s hyperemia. In some 
cases it is advisable to stretch the lumbar spine and limb, described 
under “manipulation of the spine.” I have had considerable success 
with the combination of caudal epidural injection of i per cent novo- 
caine combined ^vith manipulation under anesthesia. 



Fic t(> — Scutic scoliosis due to arthritis at the lumbosacral joint. 


BRACHIAL NEURITIS 

Brachial neuritis corresponds with the sciatic syndrome. Brachial 
neuritis means pain along the course of one or more of the nerves of 
the brachial plexus. The cause is usually hypertrophic arthritis of the 
cervical spine. The symptoms include pain along the distribution of 
the nerves of the brachial plexus. Roentgenograms may show hyj^er- 
trophic arthritis of th#* cervical spine The treatment includes treat- 
ment of the primary i..mditions or foci of infection, symptomatic treat- 
ment for pain, rest, support, heat, massage, diathermy and verv centle 
manipulation / b c 








Neurologic Conditions n] 

The treatment of the congenital type tnay be divided into early, in- 
termediate and late treatment. The measures which are of value in- 
clude exercises, massage, and correct posture day and night. Immobil- 
ization can be secured by means of a special collar made of cotton, a 
brace or a cast. Operation includes division of the sternal and cla- 
vicular heads of the sternocleidomastoid muscle, or a plastic operation 
known by the name of FoederL After operation, a cast to maintain 
overcorrection is advisable, this to be followed by a brace, exercises 
and massage. 

Included in traumatic torticollis should be mentioned ordinary 
stiff neck due to exposure to changes in temperature. An ordinary stiff 
neck that a patient awakens with is usually due to a myositis or a 
neuritis. This torticollis occurs during sleep, when a draft of cool air 
blow’s on the neck causing congealing of the muscles and compression 
of the nerves, or a neuralgia followed by muscle contracture or fibro- 
sitis. The treatment includes radiant heat, gentle massage, gentle 
manipulation and the application of a cotton collar. 

In OCULAR TORTICOLLIS, the treatment includes, in addition to the 
orthopedic management, the correction of the ocular disturbance. 

In HYSTERICAL TORTICOLLIS, the physical therapist and the ortho- 
pedic surgeon can be of great assistance to the psychiatrist. 

NEUROLOGIC CONDITIONS 

The chief neurologic conditions to be discussed include poliomyelitis, 
spastic paralysis, brachial birth palsy, syringomyelia, tabes dorsalis, 
multiple sclerosis, hysteria, pseudohypertrophic muscular paralysis, 
ataxia, peripheral nerve wounds and other paralytic and neuromuscu- 
lar conditions. 

In the treatment of tabes, the physical therapist can do a great 
deal in neuromuscular reeducation by the various methods, such as 
the Frenkel series. In maintaining the tone of the skin, muscles, liga- 
ments and nerves, massage very carefully applied is valuable. Exer- 
cises under warm water are beneficial. As aids in locomotion, crutches, 
canes and various mechanical walkers are useful. 

In the treatment of multiple sclerosis, one should try radiant heat, 
very gentle massage, exercises, neuromuscular reeducation and undei- 
w-ater exercises. Sometimes diathermy is beneficial. The use of cane.s, 
crutches and other walking apparatus is helpful. 

The same physical therapeutic measures are applicable to tabes 
dorsalis or locomotor ataxia and syringomyelia. As is well know’n, 
Charcot joint is usually found in the lower extremity, syringomyelic 
joints in the upper extremity. The physical therapy measures include 
rest, radiant heat, gentle massage, neuromuscular reeducation, under- 
water gymnastics and the various aids to locomotion, such as walking 
apparatus, canes and crutches. 
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type is usually Uue in trJ Congenital or acquired. The acquired 

ances such as hysteria ocular disbalance, and psychic disturb- 
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The treatment of the congenital type may be divided into early, in- 
termediate and late treatment. The measures which are of value in- 
clude exercises, massage, and correct posture day and night. Immobil- 
ization can be secured by means of a special collar made of cotton, a 
brace or a cast. Operation includes division of the sternal and cla- 
vicular heads of the sternocleidomastoid muscle, or a plastic operation 
fenown by the name of Foederl. After operation, a cast to maintain 
overcorrection is advisable, this to be followed by a brace, exercises 
and massage. 

Included in traumatic torticoilis should be mentioned ordinary 
stiff neck due to exposure to changes in temperature. An ordinary stiff 
neck that a patient awakens with is usually due to a myositis or a 
neuritis. This torticollis occurs during sleep, when a draft of cool air 
blows on the neck causing congealing of the muscles and compression 
of the nerves, or a neuralgia followed by muscle contracture or fibro- 
sitis. The treatment includes radiant heal, gentle massage, gentle 
manipulation and the application of a cotton collar. 

In OCULAR TORTICOLLIS, the treatment includes, in addition to the 
orthopedic management, the correction of the ocular disturbance. 

In HYSTERICAL TORTICOLLIS, the physical therapist and the ortho- 
pedic surgeon can be of great assistance to the psychiatrist. 

NEUROLOGIC CONDITIONS 

The chief neurologic conditions to be discussed include poliomyelitis, 
spastic paralysis, brachial birth palsy, syringomyelia, tabes dorsalis, 
multiple sclerosis, hysteria, pseudohypertrophic muscular paralysis, 
ataxia, peripheral nerve wounds and other paralytic and neuromuscu- 
lar conditions. 

In the treatment of tabes, the physical therapist can do a great 
deal in neuromuscular reeducation by the various methods, such as 
the Frenkel series. In maintaining the tone of the skin, muscles, liga- 
ments and nerves, massage very carefully applied is valuable. Exer- 
cises under warm water are beneficial. As aids in locomotion, crutches, 
canes and various mechanical walkers are useful. 

In the treatment of multiple sclerosis, one should try radiant heat 
very gentle massage, exercises, neuromuscular reeducation and under- 
water exercises. Sometimes diathermy is beneficial. The use of canes, 
crutches and other walking apparatus is helpful. 

The same physical therapeutic measures are applicable to tabes 
dorsalis or locomotor ataxia and syringomyelia. As is well known, 
Charcot joint is usually found in the lower extremity, syringomyelic 
joints in the upper extremity. The physical therapy measures include 
rest, radiant heat, gentle massage, neuromuscular reeducation, under- 
water g>’mnastics and the various aids to locomotion, such as walking 
apparatus, canes and crutches. ® 
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of disuse and of”nenrotrophic origin“° "’<= “>™phyboll 

Brea” hysteria, physical (hrr.'inf’ltffr' f>in'>e..rno _f 

warm 

'ohi, c 

uhdenvater cveTriX’ "curomuscular framing and 

cast to a hysS foofrl'T’ 'f, .'<> “PP'^ “ 

weight upon ft. In <;onif* •'ilfou* the patient to be,ir normal 

operation, such as justifiable to do a minor 

reel a hysterical‘contr.fctu?r® "" Achilles tendon, in order to cor- 


Metadouc Conditions 

obesity, ^‘^^^***<**•5 include arthritis, gout, rickets and 

include rest* iieat physical therapeutic measures 

applications’ ’ ‘Tssage, diathermy, negative galvanism and local 

diet, exeSc should emphasize the importance of 

■Ae subiecroi including ionization, 

sition, obSftv Wnf important one. As a general prt^- 

constipation. Thoro exercise and 

disturbances* fn metors such as hereditary tendency and 

important phvsiVit glands, and of water metabolism. The 

open air, includino measures include massage, exercises in the 
other sports. Tumn;nl‘^15^”^’ tennis, golf, bicycle riding, rowing and 
me very valuabJ/> n>f tap-dancing and setting-up exercises 

tion of acidoDhilu'c include colonic irrigation, implanla- 

of certain foods S^aisms, laxatives, cathartics and the elimination 

obesity, it jg is concerned in the treatment of 

difference between hi*; i P[^P°®itioa that the patient’s w’eight is the 
able discussion on thp output. There has been consider- 

but when all the ^*iog®oous and exogenous obesity, 

proposition that the n weighed, it comes dorni to the simple 
amount of food taken i^ difference between the 

and the energy output ci h metabolism of the food 

There is, undoublerflir^" ^ exercising, and his excretions, 
dividual — an inherited constitution of the in- 

important, but the exact n ,*^^**®”* ^^udocrine factors are undoubtedly 
to recognize the factor of^ me has not yet been determined. Failure 
has been the cause of ma ° ®®'5y and to institute proper procedure 
involving the extremitie? treatment of conditions 

chiefiy arthritic, metabolic These conditions are 

pamful heels. mechanical, including flat feet and 
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The reader is referred to such works as McLester, Evans and Strang, 
and Newburgh. Fads and fancies in diet are largely due to misinforma- 
tion fostered by the cultists or as a result of prejudice of unthinking 
people. 

Obesity is a very important consideration in orthopedic cases, espe- 
cially from the mechanical standpoint, in the following conditions: 
anterior poliomyelitis, flat feet, painful heels, sacro-iliac disturbances, 


Fic 69 — Extreme deformities occurring in twins who had nckets 


arthritis of all the joints, especially those of the spine, hip, knee and 
ankle. The overweight child is the precursor of the overweight adult. 

Fashion in recent years has decreed, according to Barborka, that the 
figure of women should be sylph-like; to conform to this, many women 
nave employed, on their own initiative, many ridiculous dietary meas- 

under-nutrition to ill 
f I' “ 'he physician’s duty to point out the 

IZble f/^re'"™’ 

After an injury to the foot or ankle or knee, such as ore.rs 
<lustr,al condmons. especially fractures and dislocations of the loww 
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cxtrcmily, obesity may be a very important stumbling-block which 
iavors prolonged disability. 

Endocrinh Disturbances 

Under endocrine disturbances, the physical 
concerned rvith such conditions as obesity, leanness, FroMicbs sya 

drome and slipped epiphysis. ^ „[ 

thyroid, 


The chief elands of internal secretion which are on u ^ 

scientific therapeusis include the thyroid, parathyroid, p.hnlary, 


adrenal and ovary. . , , . nus solints, massage 

Physic.al therapy measures include support, "V are 

and diathermy. Endocrine therapy and sometimes p 
indicated. 

CiRCULATORV CONDITIONS 

The most important circulatory conditions disease 

endarteritis obliterans, thrombo-anpitis Space 

and causalgia. Thrombo-angiilis is known as B g „ j „„ e( the 
does not permit description of the various tests for the elliciency 

circulatory apparatus. , . iniection of sdetos'''S 

The best treatment for varicose veins „ .^"(1 oualified surgeon- 
solutions. This is a minor procedure in the hands of n ^ accut 

It has been stated that 95 pet cent of Buerpr s d „j(a of tie 
in men and 5 per cent in women, which is just the opposite 
figures for Raynaud’s disease. . , a . Aie^.iphinces is to 

The importance in the treatment of circula^ry d , jest, 
improve circulation. The means of ^^^comphshing^ locally and 


elevation of the limb, heat, clastic compression, . ^,^0^ and 

to the cervical and lumbar sympathetics, special cvmpatb^tic 
postural exercises. Operations on the veins, arteries an y 
nerves are not discussed here. . *kose de- 

The most valuable postural circulatory exercises thrombo* 
scribed by Buerger * under the conservative treatmen jgyeioped, 
angitis obliterans. He says: “When the niajked 

distinct intermittent claudication being present and patient 

with or without trophic disorders, it is advisable that f 
remain in bed for several weeks or even longer, or ^^asures 
walking and standing be completely interdicted. nrement of 

should be directed toward the conservation of ,\afrnent of 

the circulation, the prevention of traumatism, and me “ gj^gne.” 
local conditions, trophic disorders or gangrene when these s p 
The author has suggested that certain passive exercises m y 
value in inducing hyperemia or rubor in the affected bmb 
fore, therapeutically beneficial in increasing the blood supply- ^ ^ 

• Buerjicr. Leo Circulatory Disturbances of the ETtremities, Ed. 

Saunders Co., 19J4 
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This method is the logical therapeutic outcome of Buerger’s method 
of diagnosticating impairment of circulation of the lower extremities, 
in that it uses the phenomenon of induced rubor or induced hyperemia 
in a therapeutic way. If the method be carried out daily for a suffi- 
ciently long period, it is of greater value in improving the circulatory 
conditions and in increasing the blood supply than any of the other 
mechanical or thermal means that are at our disposal. 

The procedure is as follows: “With the patient lying supine, the 
affected limb is elevated to from 6o to 90 degrees above the horizontal, 
being allowed to rest upon a support for from 30 seconds to 3 
minutes, the period of time being the minimum amount of time neces- 
sary to produce blanching or ischemia. As soon as blanching is estab- 
lished, the patient allows the foot to hang down over the edge of the 
bed for from 2 to 5 minutes, until reactionary hyperemia or rubor sets 
in, the total period of time being about i minute longer than that 
necessary to establish a good red color. The limb is then placed in the 
horizontal position for about 3 to 5 minutes, during which time an 
electric heating pad or a hot water bag is applied, care being taken 
to prevent the occurrence of a burn. The placing of the limb in 
these three successive positions constitutes a cycle, the duration of 
which is usually from 6 to 10 minutes. These cycles are repeated 
over a period of about one hour, some 6 to 7 cycles constituting a 
stance. 

“The number of seances cannot be categorically stated but should 
vary with the case. In a general way they should occupy at least 6 
to 7 hours a day, that is, every alternate hour during the daytime. 
During the hours of rest, heat is applied continuously in the form of 
an electric pad, hot water bag, hot air apparatus or electric lamp. In 
the opinion of the author, this method does far more to improve the 
circulation than either the application of superheated air (so-called 
baking treatment) or the diathermic treatment. 

■ “The length of time of its application may require modification, 
according to the manner in which the procedure is borne. In some 


cases, pain induced by elevation may necessitate a diminution in the 
period of elevation. 

“It is not possible to lay down hard and fast rules as to the exact 
application of this method in any given case. Its employment should 
be varied according to the requirement of each and every clinical 
stage and the patient’s response.’^ 

In the treatment of arteriosclerosis, Buerger recommends several 
methods of improving the circulation. 

These include, first, the postural treatment; second, the hot air 
treatment; third, the diathermic treatment; fourth, the heat of electric 
lamps; fifth, the thermophore. 

The postural treatment, which consists in the induction of a reac- 
Uonarj' h>T)cremia in the affected part by preliminary elevation of 
the leg, followed by depression of the limb in a dependent position, 
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may be used with some benefit in almost all eases, except where gan- 
grene has already become extensive, where a phlegmon has developed 
or where stich changes of position arc loo painful to the patient. 
When recent extensive thrombosis has taken place, it is also contra- 
indicated. 

The postural treatment, or exercises to induce rubor and an acceler- 
ated circulation, must be varied in its method of application in each 
and every case. ''The period of elevation should be the miniinam 
amount of lime necessary to produce a frank blanching of the foot. 
This is usually about 30 seconds to 3 minutes, depending upon the 
degree and extent of the vascular obstruction. The next period 01 
depression (or of the hanging leg) is to be prolonged about i or 2 
minutes beyond the time necessary for the induction of distinct rubor. 
An abridgment of this is then warranted, when the patient 
of increased pain in this position, or if the pain becomes unbearab 
after a given duration of time. The third position of rest in the horj* 
zontal may be extended at will beyond 3 minutes, provided that tni 
does not suffice to give enough repose to the p.nticnt. In general, 1 
should be longer in the atherosclerotic cases than in the younger pcopJ 
affected with thrombo-angiitis, since the former may find the treatme 
onerous unless sufficient intervals of rest arc provided. ^ . 

^*'The position of the resting limb In all forms of obstructive arter 
disease has not received attention from the clinicians. If careful odsc • 
vations on the appearance of such limbs in varying postures be 1 
especially after the induction and abatement of reactive circula ojy 
manifestations, it will be noted that the color of the foot varies cowiQ' 
erably when in the horizontal plane, mile a normal or slightly dimin 
ished flesh color is not infrequently seen even in advanced ar en 
disease, the affected foot will often evidence varying degrees of pa'*® • 
This may affect but one or more toes or the fore part of the fooh ® 
may involve even some of the distal portions of the leg; the dotsu , 
or plantar aspect of the foot may show patches of blanching a ^ 
ing with pinkish or slightly cyanotic areas. All of these color mam es 
tions must be interpreted as indicating a circulatory 
this position, and, as such, we may deduce lessons of prophy^» 
and therapeutic value— to wit, that such limbs are not to 
to stay during their period of rest, in the horizontal position, 
somewhat depressed, Just enough to bring about color evidences 0 
cuculatory activity. After testing the angle necessary to bringj^ou 
the return of almost normal color, the patient must be instru^!^ 
this particular position is to serve as his horizontal. Indeed it is ’ 
even when asleep, to arrange the bed so as to conserve the 
viously arrived at, for, harmful as is the continued stasis induced JJ 
prolonged standing or walking, so also is one of continued 
even if but slight. A position of elevation universally regarded as 
harmless must be avoided because of its depleting effect.” 
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PSEUDOHYPZRTROPHIC iluSCUI-AR PARALYSIS 


This condition is variously known as pseudohypertrophic muscular 
paralysis and progressive muscular dystropliy. 

The cause of the condition is unknown. The signs and symptoms 
include the following: There is a history of delayed walking, some- 
times until the third or fourth year. Tiptoe walking is the rule. The 
gait is awkward, waddling and unsteady with inability to go up and 
down stairs. Children fall frequently and are usually unable to arise 
without assistance. They tire easily. There is a marked lordosis and a 
protuberant abdomen. Usually the calf muscles are enlarged and very 
firm. There is a peculiar facial e.xpresslon which is dull and maslu 
like with inability to elevate the angles of the mouth so that when the 
child smiles, the lips spread out sidewise but the angles of the mouth 
are not elevated. In walking, the feet are wide apart, and sooner or 
later they assume a position of equinus or toe drop. They are swung 
forward rather than lifted and carried high to clear the ground. The 
child sways from side to side and he cannot sit down slowly — ^he 
collapses into a chair, unless he uses his arms and hands to break the 
fall. Winged scapulae are due to muscular atrophy. There are noted a 
wasp-waist and loose shoulders. Stumbling and falling are prominent 
features. If the child can rise from the lying position on the floor, he 
usually does so in a classic way. He turns over on his face; he 
rests on his elbo^vs and knees, climbs up on his legs by putting his 
hands on his ankles, then the legs, then the knees and then the thighs 
and, finally by a supreme effort, stands up. 

The treatment of this condition includes no specific remedy. For 
many years I have used hypodermic tablets of adrenalin, 3/200 of a 
grain each, dissolved under the tongue three times a day. More re- 
cently, Kure and Okinaka advocate the use of adrenalin and pilocar- 
pine subcutaneously. The dose for adrenalin is 0.2 to 0.3 cc. of a 
o.i per cent solution. The dose for pilocarpine is o.i to 0.2 cc. of a 
I per cent solution. The injections are repeated daily or every second 
day until at least 50 injections arc given. 

The physical therapeutic measures are as follows: The first warn- 
ing is to avoid fatigue. Electricity is of value in maintaining good tone 
and circulation. Massage is of some value. Hydrotherapy is valuable. 
In order to teach these patients to go up and down stairs, it is ad- 
visable to use a set of 5 or 6 narrow stairs, nith a balustrade on each 
side. Retention apparatus, as a rule, is not highly beneficial. As a 
means of preventing contractures and deformities, it is advisable. A 
light removable plaster cast or brace may be used to hold the foot 
al a right angle, or a knee in extension, or to support a scoliotic 


Tendon lengthening and tenotomies, when indicated, should be 
formed very carefully because of the danger of losing what 


per- 
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tone or power their muscles have, and because of the danger of pro- 
ducing the opposite deformity which may be more disabling. 


Shoes and Their Modifications 

In a discussion of shoe modification, first of all one must consider 
the type of shoe that is advisable for children, women and men. 
As a general proposition, one may say that a shoe should be straight 
lasted, round toed, have a moderate height of heel and a rigid shank. 



Fic 71 — ^The most commonly prcKnbcd modification of shoes (The left shoe is sho\vn ) 
a Elevation of inner border of heel 
b Elevation of inner border of a flared heel 

c H O Thomas heel — proloncation forward and elevation of inner border, 
d Elevation of outer border of sole 

c Combined Thomas heel plus elevation of outer border of sole, 
f Metatarsal cleat 
C Metatarsal crescent 

h Reversed Thomas heel Outer border prolonswd forward and elevated 
The sketches were made b> Dr D H. Lcvinthal 
11™ «» 'P«»I '■"■I Ot H. O ThoBU!. modifra- 

S«™ 66, (Jul ,"' >■ '■ J»i»> 
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child with pseudohypertrophic muscular dy&tropt 
up Ms legs.” (L*win, A, 8: 
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muscle pull or muscle imbalance produces disturbances oi posture, 
but to a certain extent these inherited tendencies can be overcome. 
Bad posture in many instances is only a result of habit and, by the 
exertion of will power and by proper exercises, good posture habits 
r an he acquired Deformity and disease have an influence on posturej 




Fio. 7J“Se\cral abnormal conditions of thf spine that are the result of consenital dis- 
orders or poor posture (Leivin, Hyseia, 6, January, 1928.) 

tuberculosis, infantile paralysis and arthritis are diseases that are 
important in this connection. 

_ Goo<l posture should be taught to the young child and should be 
Riven attention throuphout life. It is of great importance that the child 
form correct habits of posture as early as possible, in the home in 
Kindergarten and in school. Poor posture is said to be on the increase 
and there is no doubt that it adds greatly to the stress and strain of 
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<’‘>'“"“8 P™P“>y shaped 

.rrlil ‘ ’'■« Sifis and women the matter is 
^ different Women arc the victims of two things; one is style 
.n °r salesman. Women prefer to fit the eye rather 

^ husband’s good 

modifications in shoes include modifications of the heels, 
’• big-toe region. The chief modification of the 

V. ^ Thomas heel, which is longer and higher on the inner 

nfo outer border. This compels the individual to walh 

wL »u "^^^bing-angle, so that a weight-bearing line dropped 

^ ‘he mjddlc of the patelia bisects the tibia and the astragalus, 
ne <^ief modification of the sole is the elevation of the outer border 
fifthToe point of the wedge should be under the base of the 

counters include the removal of the counter for 
hftTftcr^A ^ prolongation of the counter on the inner 

nf *110 and support the scaphoid, first cuneiform and base 

hf the first metatarsal, 

soJp of the big-toe joint include making the 

hf» there will be no motion in the big-toe joint, which may 

big-toe jolnt^ I'eheving the pain in cases of osteo-arthritis of the 

baJnr ‘^^‘^‘hcation of the sole is what is known as a metatarsal 
lavpr«; nf ib consists of a strip of leather secured between the 
bS. ® ^ Jtist behind the heads of the metatarsal 

. Posture * 

seriou?%?nJrf^‘^^ as well as beauty in correct carriage, and many 
?oor posture ‘’“'■y ^ “ 


; due in whole or in pad t 


pass dropped from the side of the head should 

and ankle liorip ff ^ through the middle of the shoulder, hip, knee 

fotminK the {nUn-«r; ^ has a correct standing posture. By per- 

stand with the barV^ ^^vements, one will attain excellent form: (0 
touch the w^i the wall; (2) let the head and buttocks 

the Char rilS^ 

spine; and (A tinT?^^^”^P,hng to touch the wall with the lumbar 
to the balls of the 

position. ^ step off, maintaining the body m Ih 

A person inherits i.- . nf 

back and a certain parents and ancestors a certain Wf ° 

characteristics. Mu«;r^o P^ture just as he inherits many otn 
* Lenin. Philip. Hygeig ^ '" Weakness also is inherited, and unegu 
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and mouth to function better. The person with erect carriage actually 
thinks better; he is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its work properly when posture is un- 
natural. 



Flc. 74— A, poor posture due to eT3G:e<^ra(ed lumbar lordosis; B, C and D, correct 
posture 


Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small Intestine, large intestine and omen- 
tum — when posture is bad; they are cramped and forced out of their 
norm.!! positions. With the stomach at a lower level, intestines pushed 
dorni, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower e.xtrcmities results in mechanical and 
other disturbances, chief of which are strain on the hip joint and 
mechanical strain on the knee joint, ankle and foot. Undoubtedly many 


92 [vofira/ iV Deformities and Disabilities of Extremities , 

both child and adult life; it also exposes the Individual to the possi- 
bility of superinduced infection and trauma. 

The spine is a flexible rod made up of segments, at one end of 
which sits the head and at the other end of which sits the person. The 
spine has a normal front to back (anteroposterior) curve; it curves 
forward, backward, forward and backward again as one progresses 
from the neck to its base; but in the lateral, or side to side, plane 
there arc no normal curves. Any lateral deviation involving more than 



Fic 73 After three weeks of medical (gymnastics, this boy’s posture rpbilip 

the condition shown on the left to the erect carriage illustrated on the n,,ni 
Lewin, Hygeia, 6 3 (Jan ) 1928 1 


one vertebra is called scoliosis. As it is a flexible tod, one podw” 
of the spine cannot be changed without a compensatory chang 
least one other portion. , j-e 

Mail was not intended to walk upright. Many human ^ 

penalties for his having assumed the upright position. Witho b , 
posture the brain, heart, lungs, liver, kidneys, pancreas, muscles 
ligaments are hindered in proper function, and elimination iro 
gastro-mtestinal tract is retarded > the 

Erect carriage of the head and proper curving of the neck '.g 
muscles, ligaments, bones, joints, blood vessels, brain, eyes, ears, n 
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and mouth to function better. The person with erect carriage actually 
thinks better; he is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its work properly when posture is un- 
natural. 



A 6 ^ • W D t 

tjj C 


Fic 74.— A, poor posture due to e^cgeratcd lumbar lordosis; B, C and D, correct 
posture. 

Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small intestine, large intestine and omen- 
tum — when posture is bad; they arc cramped and forced out of their 
normal positions. With the stomach at a lower level, Intestines pushed 
doum, kidneys improperly suppwried and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggrax’ation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results In mechanical and 
other disturbances, chief of which are strain on the hip joint and 
mechanical strain on the knee joint, ankle and foot. Undoubtedly many 



no (chaptar It Dcformitics and Disabilities of Extremities , 

tVoInmo 11 

both child and adult life; it also exposes the individual to the possi- 
bility of superinduced infection and trauma. 

The spine is a flexible rod made up of n Tl 

which sits the head and at the other end of 
spine has a normal front to back (nntcropostenor) cum, ^ 
firward, backward, forward and backward again “ P'fS 
from the neck to its base; hut in the lateral, !“ 

there arc no normal curves. Any lateral deviahon S 


Fie 73 —Alter three weeks ol medical gymnastics, this ® .be n?ht iPhirp 
the condition shown on the left to the erect cactiage lUostraica 
Lewm, Hygeia, 6:3 (Jan.) 1928J 

one vertebra is called scoliosis. As it is a change i’' 

of the spine cannot be changed without a compensatory 
least one other portion. akorders arc 

Man was not intended to walk upright. Many 
penalties for his having assumed the upright position. ' and 

posture the brain, heart, lungs, liver, kidneys, from 

ligaments are hindered in proper function, and eliminati 
gastro-intestinal tract is retarded. . the 

Erect carriage of the head and proper curving of the nec p 
muscles, ligaments, bones. Joints, blood vessels, brain, eyes, > 
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and mouth to function better. The person with erect carriage actually 
thinks better; he is more level-headed 
In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its tvork properly when posture is un- 
natural. 
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Fic 74— A, poor posture due to eiaggeraled lumbar lordosis; B, C and P, correct 
posture. 

Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small intestine, large intestine and omen- 
tum — ^ivhen posture is bad; they are cramped and forced out of their 
normal positions With the stomach at a lower level, intestines pushed 
dovm, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In Women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results in mechanical and 
other disturbances, chief of which are strain on the hip joint and 
mechanical strain on the knee joint, ankle and foot. Undoubtedly many 
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cases of arthritis of the knee and hip arc traceable to basic mechanical 
disturbances that have been in operation over a period of many years. 

Flatfoot is a result of poor posture in many cases and may be a 
disabling condition. The combination of a mechanical disturbance, 
such as pronation of the foot, with strain, overactivity, injury or in- 
fection, is a common cause of foot disability. 

The methods of recording posture are the photograph; theschemat- 
ograph, which was invented by Dr. Mosher and Prof. Lesley of 
Leland Stanford University and is a camera-likc instrument with a 
focusing lens and a scries of mirrors, by which an image is ihrorvn on 
a sheet of clear glass on which is superimposed a piece of tracing 
paper; and the silhouetteograph, devised by Norman Fradd, which 
makes a graphic record of the posture by an arrangement for photo- 
graphing the individual in silhouette. 

Roentgenograms are of value in determining the position and shape 
of the bones. They often reveal definite unsuspected disease conditions. 


Treatment. — ^The treatment of postural defects consists of prophy- 
lactic and remedial measures. Prophylactic measures consist 
considei ations as balancing the pelvis in cases of inequality of tn 
length of legs. Attention to the feet is important. The remedial sgcn 
are rest, medical gymnastics and support. The mattress must be ma 
rigid by the insertion under it of boards or a wooden frame. 
Bradford or Whitman gas*pipc frames are valuable in some cas • 
Stretching, consisting of head traction, leg traction, pelvic traction, 
combinations of two of these three, is valuable as preliminary treat- 
ment. 


Medical gymnastics consist of postural, corrective, fle.ribiljty, 
increasing, breathing and relaxation exercises. In postural 
the patient is taught to stand tall, sit tall, lie tall and think tail, ne 
learns to walk with his chest thrown forward, his abdomen drawn m, 
his lumbar curve flattened, his shoulders well back and upward and n s 
head upward so that he looks out of the centers of his eyes; the cbm is 
drawn straight back. He walks “chesty,” ,, 

Corrective, flexibility and power-increasing exercises are se 
planatory Breathing exercises, such as those emphasized by 
thwait and Klein, are valuable. ReIa.xation exercises have ^ de 
place in this treatment. The so-called stall-bar exercise is of ' 
Ixcelltlr conditions. Swimming and ballet dancmg are 

necessary, a simple corset is to be considered, 
surgeon in some cases may prescribe the wearing 
® ^rame or by an aluminum cage 

arp jacKets, aluminum jackets and plaster-of-pans cas 

aryometimes necessary m severe cases. Plaster casts may be remov 
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Physical therapy, consisting chiefly of massage, is of great value. 
Hydrotherapy, heliotherapy, phototherapy and tonics have their places 
in the treatment. 

I have designated the following ten commandments of good posture: 

1. Stand tali. 

2. Sit tall. 

3. Walk tall and “chesty” with weight transmitted to balls of feet. 

4. Draw in abdomen, pulling it backward and upward. 

5. Keep shoulders high and square. 

6. Pull chin straight backward toward collar button. 

7. Flatten hollow of back by rolling pelvis do\Tnward and back- 
ward. 

8. Separate shoulders from hips as far as possible. 

9. Lie tall and flat. 

to. Think tall. 

Conclusion 

In concluding this chapter, I wish to emphasize the importance of 
physical therapeutic agents in the prevention and correction of de- 
formities and disabilities of the extremities. In every community there 
should be at least one institution where physical therapy can be given 
in an ethical manner, under the control and guidance of a licensed 
practitioner of medicine. 

The author wUhes to etpress his thanks to Lea & Febicer for the use of a con- 
siderable portion of this manuscript and many of the illustrations to be used In his 
forthcomin!; book. The PrinopUt and PratUte of Orthopaedic Surgery; also, to \V B. 
Saunders Company for the use of some of the manuKnpl and some of the illustrations 
from hU book, Orthopaedic Surgery for Nurses. 
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CHAPTER TWELVE 


PHYSICAL THERAPY IN PLASTIC SURGERY 
ViLRAY P. Blair, M.D., and James Barrett Brown, M.l 

Physical and Occupational Therapy in General 

The application of physical and occupational therapy pi: 
indispensable role in the care ol many patients who have to v 
extensive plastic repairs of defects. 

Plastic operations may include the repair of recent lacei 
Again, a rather long series of plastic operations may be neces 
overcome serious defects in facial appearance and function, s 
deforming scars from burns, or scars following operations I 
cinoma. Finally, the plastic operation may be performed to 
function to a part, as in a temporomaxillary ankylosis, or to 
deforming scars with contractures about the trunk or extremii 
all these conditions physical therapy must play its part if the u 
aim of the operative procedure is to be attained. 

Severe scarring and contracture deformity about the har 
fingers may be taken as a given case. After a long period the pa 
still be swollen and congested or it may show atrophy and pooi 
supply. Heat, hydrotherapy, and massage for one to four weelf 
to the proposed reconstructive operation will usually improve th 
supply, overcome a certain amount of the contracture deformity 
the degree of atrophy from disuse, and altogether so improve ti 
dition of the part as to assure the best possible operative 
Following operation on the hand, physical therapy in the nai 
proper splinting is immediately introduced. A little later, hydrot 
is employed, and as soon as the healing of the wounds permits, n 
and muscle-training exercises are added to the treatment. Lon 
the surgical wounds have healed, the daily use of massage, i 
training exercises, active exercises, and finally, work or pU 
necessary and should be persisted in until the greatest possibh 
(ional restoration is secured (Figs. i-S). 

Physical Theraty Agencies in Plastic Surgery 

In plastic surgery the following physical therapy agencies ar 
commonly used. 
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PHYSICAL THERAPY IN PLASTIC SURGERY 
ViLRAY P. Blair, M.D., and James Barrett Brown, M.D. 

Physical and Occupational Therapy in General 

The application of physical and occupational therapy plays an 
indispensable role in the care of many patients who have to undergo 
extensive plastic repairs of defects. 

Plastic operations may include the repair of recent lacerations. 
Again, a rather long series of plastic operations may be necessary to 
overcome serious defects in facial appearance and function, such as 
deforming scars from burns, or scars following operations for car- 
cinoma. Finally, the plastic operation may be performed to restore 
function to a part, as in a temporomaxillary ankylosis, or to replace 
deforming scars uith contractures about the trunk or extremities. In 
all these conditions physical therapy must play its part if the ultimate 
aim of the operative procedure is to be attained. 

Severe scarring and contracture deformity about the hand and 
fingers may be taken as a given case. After a long period the part may 
still be swollen and congested or it may show atrophy and poor blood 
supply. Heat, hydrotherapy, and massage for one to four weeks prior 
to the proposed reconstructive operation will usually improve the blood 
supply, overcome a certain amount of the contracture deformity, limit 
the degree of atrophy from disuse, and altogether so improve the con- 
dition of the part as to assure the best possible operative result. 
Following operation on the hand, physical therapy in the nature of 

prope — . . 

is em ■ 
and 1 

the surgical wounds have healed, the daily use of massage, muscle- 
training exercises, active exercises, and finally, work or play, are 
necessary and should be persisted in until the greatest possible func- 
tional restoration is secured (Figs. i-8). 


Physical Therapy Agencies in Plastic Surgery 

In plastic surgery the following physical therapy agencies are most 
commonly used: 
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Fio 7— Patient at work m occupatioml therapy shop allcr restoration of hand shown 
in Figs 1-6 


m. > 



cs — ^3tient has made all articles shown Note saw with handle modeled in wa^ 

so that she could use it easily. 

( , to the reconstructive work, on the hand, it has been necessary to do 

sive work on the neck, to free contractures that held the head tlcTed on the chest. 






Agencies in Plastic Surgery 


Radium : 

I. To reduce scar tissue, as in keloids 


Occupational Therapy.— Occupational therapy, as well as the sirn- 
plest massage, exercises, and baths, is of real importance for stimu al- 



Fio 9 Fic 10 


Fic 9— Boy with extensuc (hick, heavy scarring and contracture of arm to side, 
and thu side of chest and flank. 

The arm was entirely freed by release of the scar and complete section of the onmn 
by the pectoralis major and latissiraus dors muscles and advancement of them highei 
the thorax The resultant defect was grafted with thick split grafts taken from 
the thighs An area of more than iso sq. in ssas grafted at one time. 

Fig 10 —Severe contractures of axilla (anterior fold and apex) and of neck that 
has pulled jaw down into an open bite of i cm Note pinch or small deep graft: 
Upplied elsewhere) that have resulted in healing of the area, but not in release ol 
UMonniiy 

The head, neck, and lip were restored to normal position in one operation bi 
excKiiig the scars and covering the defect with thick split grafts 

she arm was freed and the axillary apex and antenor fold were covered with split 
^fts in one operation 


Plastic Surgery 
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Massage : 

I. To prepare a part for the proposed operation 

2. To stimulate the blood supply, as in the base of a pedicle flap 

3. To attempt to reduce the amount of scar tissue 

4. To loosen up a scar and overcome a tendency to retract or 
contract 

5. To restore function, especially about the joints 

6. To loosen the contracture that takes place under skin grafts 
and flaps 

Dry Heat, as from an incandescent bulb, infra-red baker, hot-water 
bottle, or electric pad; 

I. To relieve pain 

'2. To stimulate the formation of healthy granulation tissue pre- 
paratory to a skin graft ' 

3/ To 'improve circulation; (a) to stimulate, (b) preparatory 
massage 

4. To combat low-grade infection 

Hydrotherapy, as local or general baths, local or general salt bafe, 
whirlpool baths, hot wet packs, contrast baths (hot bath 15 nii 
cold bath 2 min., usually local): 

1. To relieve pain 

2. To stimulate a healthy bed of granulation tissue . . 

3. To stimulate circulation, as warm saline packs applied about i 
base^of a pedicle flap 

4. Preliminary to massage and exercise 

5. To overcome infection 

Dry Cold, as from ice-bag: 

I. To overcome traumatic or postoperative swelling 
Ultraviolet Rays, as from quartz light or from direct sunlight. 

I. To stimulate healing . . , 

2 . To improve general condition of patient, especially in chilore 
with rachitic tendency 

3. To tan, if possible, a skin graft or flap . 

4. To overcome a low-grade infection, as pimples, preparatory 
plastic operation 

X-Rays ; 

i; To overcome (i) low-grade skin infection, (2) almost any 
of surface cellulitis, including erysipelas, (3) boils, (4) adenitis, 
(5) abscess formation, (6) Ludwig’s angina, (7) acute parotitis 
2. To reduce scar tissue 
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Extensive Burns 

The immediate care of “Th?imme^^^ local treat- 

and the treatment or “I nnaaibiiities, and the avarlable 

meat is subject to so ^^imUed that no one method can ever 

methods of treatment may be tt<> ^ „ s trusts to remain 

be universally relied upon Any _tre.^menltM a^^^^^ 1,^ 

on wounds, under f ^ w*": . 'LTfor dee^ Wns in which the full 
sufhcient for superficial burns, but lor ceep 


I 7.-" 



Fio II —Eleclric lichls supply nsmlti ®r luwne ttem^pIureU 
o\er the whole bed, easy access to the patient »» ^ i,e placed 

patient has as much freedom of mo\cmenl be made to fit adults’ or 

across the top of a Balkan frame or a special frame may oe mau 

This patient is on a Bradford frame ^00™^ ”0 

Vhroush the rubber sheet O'er the end of help prevent crusting 

500 to 1.000 cc. of saline solution are poured O'cr the patient to ne p y g^riRavine, 
This position and the irrigations arc, of course, iuze dressings 

her>lresorcinol, or any other desired antiseptic n«y te ^pl ed on ^ ^ movements 
The patient is free from tr.ct«.»« “T may be 

art encouraged (and rewarded) and in this way ^ .l. hmneH area 

o'trcome or avoided even though there may morale and as sS as 

The change of treatment each day b for the 
possible, the patient is allowed to be up and around A wet ' . . ,P • jt i-.i, 

fme and it is left on until the following mornmc when it is loose m the bath 

Grrace dressings are rarely used .f skin grafting 
promote very firm granulations As a substitute for both the wet 

; «ato loSbl, Idly to which hj, been added . to s per cent ol sodium chlonde may 
be usetl (Reprinted from the Dallas M J- (Ma>) ^Wr ) 
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ing the patient mentally and for infusing spirit into him. Many patients 
completely disheartened with a long scries of surgical steps may be 
reclaimed mentally by the instruction and guidance of an occupational 
therapist. 

If the elaborate outlay found in most large surgical clinics is not 
available, the surgeon will often find the application of these principles 
directly advantageous in securing surgical results, even if he has to 
combine the work with his own (Figs. 7, 8 and ii). 



Fic n— Boy and pirl of Fiss q and lo shown in physical therapy department. 
The boy shows almost full extension of ann and has received great benefit ^ j 
instruction and training in this department The nerve supply of the 
latissimus was not interrupted as evidenced by a good power of adduction of tnc arn 
The girl is able to close her mouth and raise her head Her arm mo^emcn 
been restored to complete eTtension in one operation. . ,, 

0\-er large loints such as the aTiOa the thick jplit-skin graft is admirahly aoapv 
Soon after healing is complete, cYerd«e can be resorted to that actively 
contracture of the base of the graft Children are excellent subjects and even * 
trapeze will be of great benefit ff an established department is not available »nleWP 
children arc frequently turned loose on thdr own iniliatue after the idea ol acu 
excrci'C is explained to them, and they rapidly rehabilitate themsehes . .1 

Note that the thighs of both patients from which the grafts were cut are nea • 
In the pri there u but faint CMdence of the wound, although the photograpn w 
taken but 19 days after the operation (Department of Physical Therapy, snrinc* 
ITo<pital ) 
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thickness of the derma has been destroyed, some plan for surgical 
cleanliness should be employed. No single method is applicable to all 
cases, but with the general plan of frequently changed hypertonic 
dressings and with close attention to mechanical cleansing at the time 
the dressings are changed, most patients will develop clean, firm granu- 
lations ready for grafting within four weeks (Figs. 12 and is)- 
After sloughed tissue has separated and there is no further toxicity 
from the burned area, there is left a denuded area that requires 
restoration of surface covering of sufiicient thickness. This restoration 
should be made as speedily as possible for the conservation of function, 
health, and comfort. Any treatment or Jack of treatment that delays 
restoration is an economic waste. Especially important is surgical 
cleanliness for burns of the hand and arm, for here the important 
tendons and joint capsules are so close to the surface that prolonged 
chronic infection in granulations over them may result in permanent 
deformity. 


Saline Bath and Dry Heat. — For widespread denuded areas of the 
body and e.xtremities, the combined use of the saline bath and dry heat 
is most efficient for cleaning these tvounds surgically in preparation 
for skin grafting. The patient is placed in a warm salt bath for one to 
three hours a day, and then lies without dressings on a bed, covered 
Nvith sheeting, to which heat is applied by a string of electric lights 
above the patient (Figs. 12 and 13). 

There are several distinct advantages in this method of care: 


(i) The patients are extremely grateful because of their freedom 
from painful dressings. Patients, both adults and children, who have 
practically lost their morale from pain and discomfort are frequently 
made comfortable after 5 to ro min. in the bath. They may be put in 
the first time with clothes and dressings left on, and then after soaking 
for some time, the dressings may be cut loose and removed without 
pain. 


(2 ) The method is probably the least expensive of any and may be 
earned out in the home. 

(3) After the routine is once established, nursing care can almost 
supplant the <^re of the doctor except for daily inspection and neces- 
sary changes in care. 

•11I? the patient unrestrained in the bath and in the bed 

both encourage active and passive motion and reduce contractures 
to a minimum. Restraints in the form of splints, bandages, and loops 
over extremities can almost universally be avoided. Contracture from 
loss can be remedied satisfactorily only by replacing tissue, 
ne relief obtained from secondary contractures by splinting will be 
osl in a few hours after removing the restraint. 

(S) As soon as the patient is able to be up and around, some sort 
dressing must be substituted for the dry heat, and for this hyper- 
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Fic 13 — ^The tub — a portable one — is shown tipped bath «s 

graphing) There is a support for the head, and pads arc rieanlmf*® 

comfortably warm and up to 5 per cent sodium chlonde may be ada cannot be 

of course, important, but no attempt is made at sterility ^,1,. tub cleaned 

easily mo%ed, both bladder and bowel content may be passed reclinei 

out. and fresh saline added For adults, a long tub is necessary il ‘bCy -bout 8 to 
and the hydrotherapy tub with a canvas sling that the patient . * ,[,f,|..ofy. For 
10 in. from the bottom of the tub, with the legs and arms «,Mhod of 

badly burned patients, e\-en though a fatal outcome is expected, g,st seen 

is one of the most comfortable and may be continual For patients that 
with badly matted and stuck dressings, soaking in the bath is proba y 
quickest, and least painful method of removmg the dressing and crusts. . 

This patient was put in for a or 3 hr. each morning and frequently s p 

*^^It u necessary to base a nurse or attendant constantly present for children- [ 
printed from the Dalbs M J 17 50-70 (May) 1931 ] 
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Active movement about joints may be started when it is certain the 
graft can stand it. Deep massage may help to loosen grafts from their 
bases and also help smooth them out if there is a tendency to wrinkling 
from contracture of the base. There does not appear to be accurate 
data on the reasons for variations in the color of skin grafts. Although 
they rarely “tan” on exposure to actinic radiation, there may be some 
improvement in color (Figs. 7, 8, and ii). 

Pedicle Flaps 

Physical therapy of a tedious sort may be necessary for pedicle flaps 
that have a sluggish blood supply. Light massage with the finger tips 
along the flap three to si.x times every five minutes may help replace 
the inadequate pulse, and, if this is carried out intelligently by the 
nurse, an apparently doomed flap may be saved. The use of warm 
wet packs around the base of the flap is valuable; care should always 
be taken to avoid blistering, and it is best to have the packs tested and 
applied with the fingers rather than with forceps. 

Deep rotary massage of these flaps after they have been completed 
may free them well from the base, and here again actinic radiation 
may be tried for color improvement if the flap remains a dead white. 

Cleft Lip akd Palate 

Quartz-light treatment, local and general, has apparently been of 
great value in some cases that have not withstood operation well. 
For mild cellulitis and infection of the Ups, local radiation has proved 
especially beneficial. 

In infants and children it is necessary to keep the hands away from 
the mouth and light splints are used to prevent flexion of the forearms. 

Speech training is almost as important for good speech as is repair 
of the palate. With intelligent parents and patients this may be accom- 
plished at home by following simple rules, but most patients do best 
m class or under the supervision of one who is trained in the work. 

Operative Trauma 

For swelling following operations (without infection) cold applica- 
tions simply applied are the most satisfactory. One caution about the 
face is to avoid putting an ice-bag or any heavy application on an 
eyelid that is swelling, as a relatively light pressure may shut off the 
oiood supply and necrosis will result. 


reW applications (moist or dry) most frequently 

Kill nit '*^1,’’“" localize the process. Opposition in favor of cold 
I olten be encountered, and since neither process is very well under- 
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of local areas of persistent infection may be indicated. 

Exercises and Occupational Wy^pCeneral 
in the form of active exercises of ‘be hand “™UiaI V ivith diiWtea, 
great advantage. Any occupational ‘b';"P>'’“Pf“ 4 c outside limit 
Ls frequently marked the ‘“‘“PS the Knitting 

of activity is encouraged, even if this ” “‘“.mg musical 

of a wash cloth or the cutting out themselves may mate 

instruments or even encouragement to feed themse 

marked improvement (Figs. 7 » ** ^ 

SwN Grafts 

Preliminary Preparation.— The physical P‘^PS“°nae°rExreN- 
denuded areas for skin grafting is e^entiMly as ouUmed^nae 
stvE Burns. For chronic ulceration Se the main 

one to three weeks may be adyisable, and may in 
element in a successful skin graft. Added ‘bis y patient 

or elastic bandaging for the support of the blood “ j„5 I sup- 

remains ambulatory, some type ol byPcr‘onic drass g P j j jed 
portive dressing is necessary. Quartz light used locally over in 
surface areas may be of great benefit* ^Figs. rr antt 3;- 

Fixation of Dressings.— One of the most ^c'roecton- 

cessful skin grafting is applying the dressing with te co rec 
ical pressure on it and maintaining it in place. elastic 

damp marine sponges (or some other medium) for oDi s ^ 
pressure, incorporated in the original dressing of a sum b > 
important as any single step in the operation. The apong 
not supply the pressure but must be held accurately m p 
accurate tension by the bandages.'- ’ . ^jessiogS 

Joint movements about grafts must be restrained by DuiKy 
or by wood or plaster splints. 

After-Care.“Good gentle mechanical cleansing is 
the start. If time can be taken for it, actinic radiation at tne 
each dressing may have a benehdal effect on healing. The 
removed and all grease is cleaned from the area. The gralt an 
rounding area are then exposed directly to the quartz “gnt. u 
the first dosage is i minute at 36 inches. The time is increased , 
ute and the distance decreased 1 inch up to 10 minutes at 20 1 
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Active movement about joints may be started when it is certain the 
graft can stand it. Deep massage may help to loosen grafts from their 
bases and also help smooth them out if there is a tendency to wrinkling 
from contracture of the base. There does not appear to be accurate 
data on the reasons for variations in the color of skin grafts. Although 
they rarely “tan” on exposure to actinic radiation, there may be some 
improvement in color (Figs. 7, 8, and ii). 

Pedicle Flaps 

Physical therapy of a tedious sort may be necessary for pedicle flaps 
that have a sluggish blood supply. Light massage with the finger tips 
along the flap three to six times every five minutes may help replace 
the inadequate pulse, and, if this is carried out intelligently by the 
nurse, an apparently doomed flap may be saved. The use of warm 
wet packs around the base of the flap is valuable; care should always 
be taken to avoid blistering, and it is best to have the packs tested and 
applied with the fingers rather than with forceps. 

Deep rotary massage of these flaps after they have been completed 
may free them well from the base, and here again aclinic radiation 
may be tried for color improvement if the flap remains a dead white. 


Cleft Lip and Palate 

Quartzdight treatment, local and general, has apparently been of 
great value in some cases that have not withstood operation well. 
For mild cellulitis and infection of the lips, local radiation has proved 
especially beneficial. 

In infants and children it is necessary to keep the hands away from 
the mouth and light splints are used to prevent flexion of the forearms. 

Speech training is almost as important for good speech as is repair 
of the palate With intelligent parents and patients this may be accom- 
plished at home by following simple rules, but most patients do best 
m class or under the supervision of one who is trained in the work. 


Operative Trauma 


For swelling following operations (without infection) cold applica- 
tions simply applied are the most satisfactory. One caution about the 
« P““i''S “11 ice-bag or any heavy application on an 

eyelid that is swelling, as a relatively light pressure may shut all the 
blood supply and necrosis will result. 


Infections 


relfeve applications (moist or dry) most frequently 

will oLn 1,'’“'" Opposition in favor of cold 

often be encountered, and smee neither process is very well under” 
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tonic packs of sodium chloride, boric acid, magnesium sulphate, or 
any desired antiseptic may be used. Then instead of being pulled off, 
they may be soaked free in the bath each day and reapplied later. 

Quartz Light. — Quartz-light treatment of these areas may well be 
combined in this as in any method of treatment. General radiation two 
to four times a week will usually be ideal, although heavier radiation 
of local areas of persistent infection may be indicated. 

Exercises and Occupational Therapy. — General physical therapy 
in the form of active exercises of the hand, arm, or leg muscles is of 
great advantage. Any occupational therapy, especially with children, 
has frequently marked the turning point of recovery. The outside limt 
of activity is encouraged, even if this is nothing more than the knitting 
of a wash cloth or the cutting out of paper figures. The use of musical 
instruments or even encouragement to feed themselves may make 
marked improvement (Figs. 7, 8, and 11). 

Skin Grafts 

Preliminary Preparation. — ^Thc physical preparation of widely 
denuded areas for skin grafting is essentially as outlined under Exten- 
sive Burns. For chronic ulceration of the legs, rest in bed for 
one to three weeks may be advisable, and may in itself be the main 
element in a successful skin graft. Added to this there may be elevation 
or elastic bandaging for the support of the blood column. If the patient 
remains ambulatory, some type of hypertonic dressing plus a sup- 
portive dressing is necessary. Quartz light used locally over infected 
surface areas may be of great benefit* (Figs. 12 and 13). 

Fixation of Dressings. — One of the most essential factors in suc- 
cessful skin grafting is applying the dressing with the correct mechan- 
ical pressure on it and maintaining it in place. The routine use of 
damp marine sponges (or some other medium) for obtaining elastic 
pressure, incorporated in the original dressing of a skin graft, is as 
important as any single step in the operation. The sponge itself does 
not supply the pressure but must be held accurately in place and at 
accurate tension by the bandages.®* * 

Joint movements about grafts must be restrained by bulky dressings 
or by wood or plaster splints. 

After-Care. Good gentle mechanical cleansing is important from 
the start. If time can be taken for it, actinic radiation at the time of 
each dressing may have a beneficial effect on healing. The dressing is 
removed and all grease is cleaned from the area. The graft and sur- 
rounding area are then exposed directly to the quartz light. Usually 
the first ^sage IS i minute at 36 inches. The time is increased i min- 
ute and the distance decreased i inch up to 10 minutes at 20 inches. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the w’rinkling 
becomes apparent. 


X-RAY AND Radium Lesions 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodesiccation, by the actual cautery, or by 
■*"” " ■* • . ' •••../ ' ’ is usually 

• • ‘ ' adjacent 


• Repair of Surface Losses op the Hands 

The loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
which there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and where there is any appreciable extent of skin loss, steps should 
be taken immediately to clean the wounds and to cover the defects 
tissue of suitable thickness. If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
Qi expectant treatment is instituted in which crusts form on the wound 
separate, ultimate healing may occur by spontaneous epi- 
tnelization. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons will so limit motion that normal 
unction may never be obtained. Losses on the palmar surface of the 
anas and fingers do not often result in such permanent damage be- 
muse the heavy subcutaneous tissue protects the joint capsules and 
endons to a marked extent. The surface scar may be extensive, but 
open ^ released the tendons will give and the joints will 

j ^^®°P®^tive Period — Splinting. — ^During the period of waiting 
operations, correct splinting and dressing are im- 
1 lant. Extreme secondary contractures in either flexion or extension 
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stood, arguments on both sides may be given for the use of one over 
the other. As a general rule, heat is probably most effective and is most 
kindly received by the patient for swelling from infection, while cold 
is better for swelling from trauma. 

For erysipelas and similar types of infection that occur about the 
head and face during the process of repair of a defect, hot hypertonic 
applications are used routinely. X-ray radiation in the form of light 
exposures may be used and excellent results are obtained in many 
instances. 

Chronic furunculosis or pimple formation is a definite contraindi- 
cation for the plastic repair of any defect because it is an expression 
of low resistance in general and because the organism, being ready 
to contaminate any field, may set up an active infection in the opera- 
tive field itself. Along with other general treatment measures, either 
x-ray or actinic radiation will be found very useful in clearing up this 
skin condition. 

, Scars 

As soon as the wound has healed in some instances, active physical 
therapy may be started to relieve the scar defect. Excellent results may 
be obtained by the use of actinic radiation, followed by heat (usually 
dry, as from a large electric light bulb or an infra-red baker). After 
this, prolonged gentle massage is given. Heat is applied over the scar 
for 5 to 10 min. Then a lubricant (cocoa butter, for e.xample) is 
applied and the trained technician starts a gentle stroking massage. 
As the wound becomes older and therefore firmer, the strength of the 
massage is increased and should consist of both stroking and kneadii^. 
The massage should last for at least 30 min. If possible, it should be 
repeated daily for the first two weeks and then applied every other 
day until the scar has been loosened and its deforming appearance 
overcome, or until no further progress is made. 

Surface scars occurring in suture lines or around the edges of 8^®“® 
present the greatest hindrance to acceptable surgical restorations about 
the face. It seems that they occur most frequently where they are 
desired. Plump or fat children or young adults are the most susceptiblCj 
probably because of tenseness and thinness of the skin from distention 
of the subcutaneous fat. Infection in the suture line during healing, 
cuts, and incisions across the lines of skin tension, and poor approxi- 
mation are, of course, contributing causes. 

Of the many physical agents directed against these scars, radium 
seems to^ offer the best help. Capsules of 25 mg. of the element with 
a screening of i mm. of silver and i mm. of rubber applied along 
the scar for one to one and one-half hours frequently suffice. The 
dose may be repeated once ortwice if it seems advisable. 

Deep scarring does not respond well or uniformly to radiation, and 
applying the rays through any considerable thickness of tissue to affect 
deep scarring is a questionable procedure. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the wrinkling 
becomes apparent. 


X-RAY AND Radium Lestons 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later bea)me thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodesiccation, by the actual cautery, or by 
sharp dissection. It is preferable to excise wide areas and this usually 
calls for some method of surface repair, such as the shifting of adjacent 
healthy tissue or the use of free skin grafts or pedicled flaps. 

Repair of Surface Losses of the Hands 

The loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
which there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and w'here there is any appreciable extent of skin loss, steps should 
oe taken immediately to clean the wounds and to cover the defects 
with tissue of suitable thickness. If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
of expectant treatment is instituted in which crusts form on the wound 

separate, ultimate healing may occur by spontaneous epi- 
thelization. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons vdll so limit motion that normal 
unction may never be obtained. Losses on the palmar surface of the 
ands and fingers do not often result in such permanent damage be- 
cause the heavy subcutaneous tissue protects the joint capsules and 
endons to a marked extent. The surface scar may be extensive, but 
open ^ released the tendons will give and the joints will 

Preoperative Period— Splikiing.— During the period of waiting 
operations, correct splinting and dressing are im- 
P ant. tsxtreme secondary contractures in either flexion or extension 



in rCbcpter IS 
■*" IVelumo II 


Plastic Surgery 


stood, arguments on both sides may be given for the use of one over 
the other. As a general rule, heat is probably most effective and is most 
kindly received by the patient for SH'cIling from Infection, while cold 
is better for swelling from trauma. 

For erysipelas and similar types of infection that occur about the 
head and face during the process of repair of a defect, hot hypertonic 
applications are used routinely. X-ray radiation in the form of light 
exposures may be used and excellent results are obtained in many 
instances. 

Chronic furunculosis or pimple formation is a definite contraindi- 
cation for the plastic repair of any defect because it is an e.tpressjon 
of low resistance in general and because the organism, being ready 
to contaminate any field, may set up an active infection in the opera- 
tive field itself. Along with other general treatment measures, either 
x-ray or actinic radiation will be found very useful in clearing up thjs 
skin condition, 

« Scars 

As soon as the wound has healed in some instances, active physical 
therapy may be started to relieve the scar defect. Excellent results may 
be obtained by the use of actinic radiation, followed by heat (usually 
dry, as from a large electric light bulb or an infra-red baker). After 
this, prolonged gentle massage is given. Heat is applied over the scar 
for s to 10 min. Then a lubricant (cocoa butler, for example) is 
applied and the trained technician starts a gentle stroking massage. 
As the wound becomes older and therefore firmer, the strength of the 
massage is increased and should consist of both stroking and kneading. 
The massage should last for at least 30 min. If possible, it should he 
repeated daily for the first two weeks and then applied every other 
day until the scar has been loosened and its deforming appearance 
overcome, or until no further progress is made. 

Surface scars ocairring in suture lines or around the edges of gmits 
present the greatest hindrance to acceptable surgical restorations about 
the face. It seems that they occur most frequently where they are least 
desired. Plump or fat children or young adults are the most susceptible, 
probably because of tenseness and thinness of the skin from distention 
of the subcutaneous fat. Infection in the suture line during healing, 
cuts and incisions across the lines of skin tension, and poor approxi- 
mation are, of course, contributing causes. 

Of the many physical agents directed against these scars, radium 
seems to offer the best help Capsules of 25 mg. of the element with 
a screening of i mm. of silver and r mm. of rubber applied al^g 
the scar for one to one and one-half hours frequently suffice. The 
dose may be repeated once or twice if it seems advisable. 

Deep scarring does not respond well or uniformly to radiation, and 
applying the rays through any considerable thickness of tissue to affect 
deep scarring is a questionable procedure. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the wrinkling 
becomes apparent. 


X-RAY AKD Radium Lesions 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness The only solution to the problem 
of relief of badly or ividely involved areas is total destruction by 
electrocoagulation or eleclrodesiccation, by the actual cautery, or by 
, 1 ..., V . . . * * is usually 

• • adjacent 


Repair of Surface Losses of the Hands 

The loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
which there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and where there is any appreciable extent of skin loss, steps should 
be taken immediately to clean the wounds and to cover the defects 
with tissue of suitable thickness If there is destruction of the full 
thickness over the dorsum of the band and fingers and if some form 
of expectant treatment is instituted in which crusts form on the wound 
IK V separate, ultimate healing may occur by spontaneous epi- 
thelization. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons will so limit motion that normal 
Unction may never be obtained. Losses on the palmar surface of the 
ands and fingers do not often result in such permanent damage be- 
cause the heavy subcutaneous tissue protects the joint capsules and 
endons, to a marked extent. The surface scar may be extensive, but 
0 ^® y '’^ben it is released the tendons will give and the joints will 


for Period— SPliNTtNO.— During the period ot waiting 

operationb, correct splinting and dressing are im- 
H tant. Extreme secondary contractures in either flexion or extension 
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deformities and even in subluxaCion of the phalangeal joints may be 
largely avoided by gentle dressing in simple splints with the fingers ex- 
tended or flexed as indicated. If there is loss between fingers, they 
should be held apart with even a simple piece of gauze used as a splint. 
Too often where most of the skin of the hand has been lost (the *‘de- 
gloved hand,” as used in English literature), the final result is a 
scarred mass with thin scar epithelium continuous over all the fingep 
and with function practically nil. This same thing happens in losses in 
the cubital fossa and in the a.tilla where the forearm is allowed to 
attach itself to the arm, and the arm, to the chest wall. 

Saline Bath. — I f the patient is given a warm saline bath and a 
small rubber ball or sponge to handle for one to three hours a day, he 
will probably greatly overcome the tendency to deformity. As the 
wounds become clean, gentle massage and passive motion may be 
added while the hand is in the warm saline soak. 

Postoperative Period. — After operation, in which binding scars 
have been excised or released, perhaps joint ligaments have been cm 
and there has been surface restoration of suitable thickness, a new 
drive for function must be made, and physical therapy is often put 
to a severe test. 

Splinting. — S plinting is still imperative to overcome jolnlj 
capsule, and tendon deformity. The main criterion is whether the 
thumb can be apposed to the fingers, and the next is whether suitable 
flexion of the fingers for gripping can be established. In practically 
all cases the wrist should be cocked up if there is any involvement 
around it. As a working basis, the splints employed by Drs. Eanavei? 
Koch, and Mason may be taken as a standard. 

MAssAGE.-~Massage can usually be begun early and should be 
carried out intelligently over long periods of time. Fifteen to thirty 
minutes once or twice each day may be used if the force is careful!) 
graduated. The massage may be given during periods of dry heat, or 
following hot wet baths, and the working time each day may thus be 
reduced, When joint motion is limited, an important addition to simple 
massage is to move the Joint through its full range of motion and to 
maintain it in its extreme flexion and extension with gentle force for 5 
to 15 min. at a time. Real pain should not be caused, but the force 
should be stopped just as discomfort is noticed. Instead of being a^ 
lowed to relax completely, the joint should be maintained in this posi- 
tion, and usually in a few moments some further slight relaxation may 
be obtiuned, 

E^KCiSES.---Muscle-training exercises may be begun in the simple 
fashion of closing the hand on a rubber sponge or ball, and activity 
may be increased rapidly. 
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Joints and tendons in children respond rapidly and a normal child 
is likely to adopt the best possible activity if he is given the oppor- 
tunity of interesting play (Fig. ii). 

Occupational Therapy. — Occupational therapy, by supplying the 
mechanical means and the trained instruction in gross and fine activi- 
ties, can frequently cause the patients to make rapid strides. A general 
idea of the problem must, of course, be given to the therapist by the 
surgeon, together with careful instruction as to the greatest activity 
desired. If the trained instructor adds her knowledge of diversion to 
the training, better purposeful results may be expected, and articles 
of real value may be made by even small children (Figs. 7 and 8). 
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CHAPTER THIRTEEN 


PHYSICAL THERAPY IN AMPUTATIONS 
C. C. Yoont, M.D. 

In this chapter the amputation slump will be discussed as a func- 
tioning member primarily. Surgical aspects will be considered only 
insofar as they have bearing on function- In amputations of the lower 
extremity, all stumps, except certain partial foot amputations, require 
a prosthesis. The stump is a lever which swings the prosthesis in the 
act of walking, and the efficiency of that lever depends upon many 
factors other than the mere surgical soundness of the end of the 
stump: i.e., muscle power in the extremity, condition of joints adja- 
cent to the stump, etc. Not only should a stump be so planned that its 
function will be as efficient as possible under the surgical condition 
demanding the amputation, but all means of treatment should be 
utilized to improve and hasten its early functional use. Certain forms 
of physical therapy are of great value in the preparation of the stump 
for early and efficient function. 

The need of physical therapy treatment Is, of course, greater when 
healing is delayed on account of infection and other causes, in which 
case the prolonged inactivity leads to atrophy of the extremity and 
a tendency to the development of joint contractures. 

The "stump end” (end of stump to first joint) is the weight-bear- 
ing portion of the stump in below-knee amputation, and the extrem- 
ity proximal to the stump end must function as the propelling force 
ior the stump end as well as for the prosthesis. The latter averages 
about five and one-half pounds in weight. It is quite evident, there- 
lore, that the proximal part of the extremity must have normal or, 
better, above normal power and range of movement, whereas the 
stump end must inevitably undergo pressure atrophy and must de- 
velop weight-bearing tolerance. To state it briefly, then, the aim of 
physical therapy is to hasten the inevitable shrinkage; to develop 
weight-bearing tolerance in the stump end, at the same time prevent- 
mg atrophy and deformity; and to develop power in the proximal part 
of the extremity. 


Stumps That Heal Without Complications 

In amputations of the lower extremity in which primary healing 
nas taken place and in which there have been no complications of 
any kind, actual functional use of the stump can be safely started 
"wn a temporary prosthesis from four to six weeks after healing 
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Fk. i^Unhealed stumps with tcnninal scan and edematous soft parts. 




FiC. 2 —Sagittal thigh amputation Large terainal, infected unhealed area, adjacent soft 
parts edematous. Notice traction straps turned back- 
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of the wound is complete. Considerable difficulty in having this part 
of the program of treatment carried out will be encountered if the 
surgeon does not have facilities at his disposal for supplying the 
temporary prosthesis. Most commercial limb-fitters will instruct the 
patient to wait until the stump has “shrunk” before fitting a finished 
appliance. It is obvious that, during the period of stump “shrinkage,” 
atrophy is also taking place in the relatively inactive extremity, prox- 
imal to the stump end. 

The folloiving routine should be followed in this group of cases: 
Elevate the stump immediately after amputation to lessen swelling 
and the possibility of hemorrhage. Do not disturb the elevated posi- 
tion for about four days. On the fifth day, remove the stump from 
the elevated position and passively move the adjacent joints. Repeat 
this each day until the wound is healed. After healing is complete, 
have the patient move all joints in the stump extremity through their 
full range once daily. Apply a flannelette or some type of elastic 
bandage so as to exert gentle compression of the stump in order to 
prevent swelling and edema and to begin the process of shrinking, 
which later must be more vigorously pushed. 

Walking with crutches should be started as soon as the general 
condition of the patient and the surgical condition of the wound will 
permit. Massage of the unaffected extremity is not necessary in this 
group, but massage of the stump leg should be started about the tenth 
day and should be continued daily until the temporary prosthesis is 
fitted. This massage should be nutritional in type (see Chap. 14), 
the aim being to maintain muscle tone and to prevent the atrophy of 
disuse. There is little need for massage in this group after functional 
use of the stump leg is started. 

Compression bandaging of the stump should be continued until 
pressure atrophy is well advanced — i e., until the stump is ready for a 
final prosthesis (Figs. 1 7, 18, 19). Bandaging at first should be done by 
the surgeon or an instructed attendant. A flannelette or other type of 
elastic bandage should be applied in the followng manner: First, 
several folds of the bandage should be pressed over the end of the 
stump so that slight compression of the end and sides will result. Then 
Circular bandaging should be begun, starting at the very end and 
gradually compressing the stump circularly as succeeding folds of the 
bandage are moved proximally. The compression bandage should not 
be Carried beyond the first joint; furthermore, it should not impede 
free and full movement of the joint. After the bandage is applied, a 
tight woolen slump sock should be pulled over the bandaged stump 
to prevent disarrangement of the bandage. The amputi himself should 
c® ^^^tucted in bandaging his stump. After an appliance has been 

tied and the ampute has been instructed in the proper use of his 
appliance, there is little need for physical therapy, as functional use 

11 soon complete the atrophy of the stump end and will quickly de- 

ciop the proximal part of the stump. 
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Infected Amputations 

Cases in which healing has been delayed, because of infection or 
for other reasons, offer conditions which demand early coordination of 
surgery and physical therapy. For this reason it seems advisable to 
summarize stump pathology and surgical treatment of the infected 
stump in order to point out the essential physical therapy which 
should be administered in various forms during the progress of sur- 
gical treatment. 

Primary Sagittal Amputation. — Experience gained in the war 
shows that primary amputation in the presence of severe infection at 
the site of injury, leaving the end of the stump w’ide open for drain- 
age, should also be done in civil life under similar conditions. In 
wounds in which there is irregular laceration of the tissue, the am- 
putation need not be done exactly sagiltally but may be done quite 
irregularly, merely by removing all tissue which seems to be definitely 
avascularized. For instance, if one side of the leg were shattered, leav- 
ing a long flap of viable tissue on the opposite side, it would be well 
to save an ample part of the viable flap, even though the amputation 
line would be quite irregular. In all cases, as much bone length as possi- 
ble should be saved at the primary amputation (Fig. lo). 

Pathology Referable to Bone.— -Osteomvelitis.— The process of 
sequestration and involucralizalion, with associated low-grade infec- 
tion of the adjacent parts, does not differ materially from osteomye- 
litis under other conditions, except that drainage is, perhaps, more 
thorough because it is terminal (Rgs. 3-6 ) . r i a 

This terminal osteomyelitis is one of the chief causes of long-ne- 
layed healing, and requires roentgenographic study and special trea - 
ment before secondary final plastic operations can be successfully done. 

The most common type of sequestrum seen is ring-shaped, usua y 
about one and one-half centimeters in thickness. It is occasionally en- 
croached upon and often more or less concealed by excessive hone 
production extending down from the bone cortex. In some instances 
it is seen to be practically encapsulated by new bone formation wim 
a small sinus leading through the latter. In such cases long-delayed 
healing is to be expected, so that it is advisable to remove sumciem 
of the encircling new bone to permit the soft parts to fall m and 
obliterate the dead space. 

Excessive terminal bone production in guillotined stumps is the 
rule. The most common form seen is an irregular mushroom formation 
with a tendency to spurs on the inner aspect of the femur. Occasional y 
sharp exostoses, often sharp enough and long enough to cause sufiicien 
pain to warrant their removal, are seen It is well not to interfere with 
the terminal bony production unless sequestra are embedded or con- 
cealed in it. 
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Interosseous bony union occurs both in the forearm and leg. In 
the former, operative interference is indicated only if the forearm 
stump is long enough to preserve pronation and supination. Treat- 
ment consists in removing the connecting bony overgrowth and the 



Fic 3— Larse 


spur extending into adductor intemuscular plane from short femoral 


Fig. 

Fig 

Fig 


slump 

4 Small spurs projectine from both Ubia and fibula This type of spur probably 
due to stripping up and shteddmg of periosteum 

5 — Smooth heabng of leg amputation ndthout any bony change. (From the U. S 

General Hospital No 26, Fort Des Moines, Iowa ) 

6— Arm stump, showing marked rarefication of bone from prolonged disuse Healed 

without infection. 
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interposition of muscle. In the leg this condition is helpful rather than 
detrimental. 

Inequality in the lengths of the bones in amputations of the fore- 
arm and leg occasionally demands correction. In leg amputations it 
is preferable, for prosthetic reasons, to have the fibula approximately 
two centimeters shorter than the tibia. In children one should always 
amputate the fibula from two to four centimeters above the tibia, be- 
cause of the tendency of the fibula to grow at a greater rate from the 
upper epiphysis than the tibia. In certain short below-knee stumps it 
is possible at the primary amputation to save several inches of fibula 
but a much smaller amount of tibia. In this case, of course, there 
should be no sacrifice of fibula. 

Pathology Referable to Soft Parts. — Redundant soft parts are 
occasionally seen. This is usually due to late necrosis of bone or to 
extensive comminution of bone without equal damage to the soft 
parts. In the latter instance it is best to save all viable soft parts at the 
primary amputation, as thereby the later plastic surgery may be greatly 
facilitated. Except in certain instances, where there has been extensive 
comminution of bone, redundant soft parts are prima jack evidence 
that more bone has been sacrificed than was necessary. The seconda^ 
removal of soft parts for surgical or prosthetic reasons should not be 
decided upon until the necessity for, and the possibility of, ulilixmg 
them in connection with osteoplastic methods to increase the length 
of the stump have been considered. Bone grafting to increase the 
length of the stump is a well-recognized and valuable procedure and 
IS especially applicable to short below-knee stumps. 

Tender nerve ends are seen most frequently in amputations of the 
upper extremity, and occasionally in those of the lower extremity. 
They seldom make themselves manifest until an appliance has been 
worn, so that in the treatment of unhealed stumps it is safest to as- 
sume that every nerve which is palpable may give trouble, and its 
treatment is indicated at the time of secondary plastic procedure. 
Simple high division after crushing and ligature seems to give results 
equally as good as those obtained with more elaborate neuroplastic 
methods. 

Preoperative and Nonoperattve Treatment of Infected Stumps 

In a preliminary report of experiences in treating the first five hun- 
dred amputations at Walter Reed Hospital, the author advocated an 
ultraconservative policy in the surgical treatment of unhealed stumps. 
It seemed at that time that, by the use of skin traction and other non- 
operaUve measures, healing could be obtained in a reasonable time, 
and that secondary operative surgery of the stump could be dispensed 
with in the majority of cases. Subsequent experience showed that 
was possible to obtain complete healing in guillotined and other m- 
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fected stumps, but that a very long lime was required, and that the 
resulting scar was not sufficiently tolerant to the usual traumas of an 
appliance to be practical. It was also found that many either actually 
required an alteration in site or that a limited amount of bone could 
be removed without damaging the stump from a functional vie\^-point, 
so that, finally, plastic methods designed to obtain a firm closure with 
freely movable skin w’ere employed usually before cicatrization was 





Fig 7— Stump traction In recumbency. Tbc adhesive straps which extend from the 
stump to the ring should be so placed that the flaps will tend to coapt when traction is 
made upon the skin The pulley should be arranged so that it can be lowered and raised 
at will, in order gradually to combat flexion deformity The foot of the bed should be 
raised sa inches The amount of sveight can best be determined by obscrsmg the pull 
un the stump after weight u applied Stump traction should not be so strong that 
redundancy is created at the end In case stump traction b desired with the patient 
ambulatory, a short Thomas spimt may be substituted for the apparatus shown in this 
picture 

Preoperative Koutine. — Surgical Rest. — ^The importance of sur- 
gical rest in the treatment of large infected stump wounds cannot be 
too strongly emphasized. Nothing is gained in hastening prosthetic 
treatment to the point of applying temporary prostheses before the 
stump can be considered surgically sound. In the majority of cases it 
best to treat all cases requiring secondary surgical procedures in 
recumbency until wounds are in the desired condition for operation. 
It has been noted repeatedly that wounds which remained practically 
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stationary under ambulatory treatment would promptly heal in re- 
cumbency. 

Skin Traction. — Skin traction is used routinely both in recumbent 
(Fig. 7) and ambulatory treatment (Fig. 9). In the former case, 
direct extension is accomplished by means of adhesive strapping, or 
with a pulley and weights, and In the latter, by means of counter- 
extension with a modified Thomas splint. 

Traction is, of course, most effective if applied Immediately after 
amputation. Its effect then is actually to reduce the extent of the 
uncovered area. If it has not been applied early, and if the skin has 



Fio. 8— Stump CTteDsion with a modified Thomas knee splint. A Thomas knee 
splint b cut dow^ and a g-m square riveted to the side bars x» in beyond 

of aluminum fa attached by gauze and glue to the sw 
of the stump so as to be 6 in, distal to the cut surface Extension is made from the rmg 
to the ^uare by either tapes or rubber bands The square acts as a pedestal and also 
senes for the attachment of the extensions (Adapted from Sinclair.) 


been allowed to retract and to become adherent to the edges of the 
unhealed area, traction does not tend to reduce the unhealed area 
materially, but it relieves tension at the edges of the ulcer, thus favor- 
ing healing. It is particularly helpful in subsequent plastic operations 
because it renders the skin more redundant. In some cases in which 
there is wide retraction of the skin in short stumps, it seems best 
to dissect the skin free and then apply traction for a time before 
attempting a final plastic closure. The influence of stump traction m 
the prevention of joint contractures is obvious. 
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Wound Antisepsis. — ^The Cairei-Dakin routine treatment should 
be used in all infected stumps as long as the unhealed area is large, 
concave, and discharging pus freely. 

Massage. — Massage of the terminal part of the stump is beneficial 
in several vt-ays. In healed stumps with small scar areas adherent to the 
bone, much can be accomplished toward loosening the scar and improv- 
ing its circulation and thus increasing its tolerance to trauma. In un- 
healed stumps, massage of the skin adjacent to the scar area assists in 
removing edema and generally improving the circulation as well as in 
rendering the skin free and more redundant preparatory to the final 
plastic surgery. 



Fic 9 — Ambulatory traction for below-knee slump 


Attention to Adjacent Joints.— At each dressing the stump should 
pe moved fully in the opposite direction to that in which a contracture 
IS most likely to develop. Insofar as it is possible, the recumbent posi- 
tion of the patient and the adjustment of traction should be such that 
usual contractures will tend to be prevented. (Special treatment 
mentioned in the discussion of Amputations and 
iieir Prosthetic Requirements.) 
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Seconda^ Stump Surgery. — Attempts to perform final plastic 
closures of infected or guillotined stumps soon after the injury result 
in a high percentage of failures. The most important factors in the 
failures are: (i) the poor general condition of the patient following 
the more or less severe trauma and the subsequent emergency opera- 
tive and postoperative treatment; and ( 2 ) latent infection, which 
is present not only in the terminal granulating area, and, in many 
cases, in the terminal portion of the bone, but also in the lymphatic 
channels and lymph nodes, for a considerable distance proximal to 
the unhealed area. 

It is not justifiable to attempt plastic closures or reamputations 
adjacent to the unhealed area until at least five or six months have 
elapsed from the time of the original injury. An attempt was made, in 
army hospitals during the war, to establish definite preoperative indi- 
cations by bacterial counts from the wound surface, but it was ap- 
parent that this method of control was not reliable, as it gave no 
Indication of the extent of latent infection in the lymphatic channels 
further up the limb. It was found belter to depend upon observations 
referable to the clinical appearance of the stump and the general con- 
dition of the patient. 

. As long as a stump remains swollen, boggy, and edematous, it will be 
found that there is latent infection present which ivill defeat attempts 
at plastic closure (Figs, i and 2 ). The disappearance of the edema 
is usually coincident with the improvement in the general condition 
of the patient and the local appearance of the unhealed area. Final 
closure should not be attempted until the skin and subcutaneous tissue 
are soft, dry, wrinkled, freely movable, and absolutely free from strep* 
tococcus and the field count is reasonably low for other less virulent 
pyogenic organisms. 

Operative Treatment of Unhealed Cases 

Group I. — In this group ace stumps in which a limited amount of 
bone may be removed without diminishing the ultimate functional 
value of the stump. 

The question of bone length requires careful consideration in every 
^se, and there are times when it is justifiable to preserve it by sacri- 
ficing ideal conditions in the soft parts. But, on the other hand, 
in perhaps the majority of the sagittal amputations, little is 
m ultimate function by removing a limited amount of bone and much 
may be gained by the additional freedom allowed to eradicate more 
thoroughly the potential latent pathology in the terminal portion of 
the infected stump. Before attempting final plastic closure in cases in 
this group, all indications previously pointed out regarding the prefer 
time to operate should be present, except that the actual size of the 
unhealed area can be disregarded. 
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Method of Operating in Group I- — The unhealed area and the 
scar are completely covered with a gauze sponge which has been 
saturated with tincture of iodine. Incision is now made in healthy skin 
one-half centimeter from the edge of the scar. The incision should 
follow the general contour of the scar area and no attempt should be 
made to form specially designed flaps. The distal skin edge is clipped 
to the iodized gauze as the incision is being made, thus completely 
isolating the terminal infected area. The skin and scar are then dis- 
sected distally and separated from the muscle at the place where the 
muscles are attached to the bone. Usually this will be above the area 
of new bone production and well away from the unhealed area, usually 
one or one and one-half inches. Incise the periosteum just within the 
area of fibrous tissue which extends a short distance distal to the 
actual muscle fibers. Saw the bone at this point. If the preoperative 
treatment has been properly carried out and the scar area is not exces- 
sive, it will now be possible, by careful disposition of the skin, to cover 
the end completely. If it is found that the available skin is not suffi- 
cient, additional bone or muscle may be removed. It is better to avoid 
cutting through the muscles and deep vessels. The nerves are found 
usually by palpation and should be pulled down and severed through 
a small longitudinal incision in the muscles. The wound should be 
drained for 48 hours through a posterior stab wound. This type of 
drainage is preferable because: First, it gives the best drainage, being 
dependent; and second, in the event primary union is not obtained, 
sufficient drainage is afforded through the posterior opening to prevent 
the incision line from separating. Primary union in the incision line is 
often obtained and maintained in (he presence of profuse purulent dis- 
charge, which is satisfactorily taken care of through the posterior 
drainage incision. 


Group II. — In this group are slumps which are already too short 
and which ivill not permit additional sacrifice of bone. 

is imperative that at least six to eight months have elapsed since 
the initial injury and that in addition to the preoperative requirements 
already enumerated, the wound be completely cicatrized or that the 
unhealed area be very small and practically sterile. 

Method of Operating in Group II. — ^The scar should be com- 
pletely removed. The bone should not be disturbed unless there are 
exostoses which are likely to give trouble. Palpable nerves should be 
treated as described in Group I. The aim of the operation is, of course, 
to cover the stump completely with healthy, freely movable skin. This 
IS practically never possible without special plastic procedures. The 
snort, Wlow-the-knee stump is the most common example of this 
group. The limited amount of skin may be made more accessible in 
removing the fibula, (2) by removing the major 
portion of the muscles of the calf of the leg. A triangular section with 
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Seconda^ Stump Surgery. — Attempts to perform final plastic 
closur^ of infected or guillotined stumps soon after the injury result 
in a high percentage of failures. The most important factors in the 
failures are: (t) the poor general condition of the patient following 
the more or less severe trauma and the subsequent emergency opera- 
tive and postoperative treatment; and ( 2 ) latent infection, which 
is present not only in the terminal granulating area, and, in many 
cases, in the terminal portion of the bone, but also in the lymphatic 
channels and lymph nodes, for a considerable distance proximal to 
the unhealed area. 

It is not justifiable to attempt plastic closures or reamputations 
adjacent to the unhealed area until al least five or six months have 
elapsed from the time of the original injury. An attempt was made, in 
army hospitals during the war, to establish definite preoperative indi- 
cations by bacterial counts from the wound surface, but it was ap- 
parent that this method of control was not reliable, as it gave no 
indication of the extent of latent infection in the lymphatic channels 
further up the limb. It was found better to depend upon observations 
referable to the clinical appearance of the stump and the general con- 
dition of the patient. 

. As long as a stump remains swollen, boggy, and edematous, it will be 
found that there is latent infection present which will defeat attempts 
at plastic closure (Figs, i and 2 ). The disappearance of the edema 
is usually coincident with the improvement in the general condition 
of the patient and the local appearance of the unhealed area. Final 
closure should not be attempted until the skin and subcutaneous tissue 
are soft, dry, wrinkled, freely movable, and absolutely free from strep- 
tococcus and the field count is reasonably low for other less virulent 
pyogenic organisms. 

Operative Treatment of Unhealed Cases 

Group I. — In this group are stumps in which a limited amount of 
bone may be removed without diminishing the ultimate functional 
value of the stump. 

The question of bone length requires careful consideration in every 
case, and there are times when it is justifiable to preserve it by sacri- 
ficing ideal conditions in the soft parts. But, on the other hand, 
in perhaps the majority of the sagittal amputations, little is lost 
in ultimate function by removing a limited amount of bone and much 
may be gained by the additional freedom allowed to eradicate more 
thoroughly the potential latent pathology in the terminal portion of 
the infected stump. Before attempting final plastic closure in cases in 
this group, all indications previously pointed out regarding the proper 
time to operate should be present, except that the actual size of the 
unhealed area can be disregarded. 
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Method of Operating in Group I. — The unhealed area and the 
scar are completely covered with a gauze sponge which has been 
saturated with tincture of iodine. Incision is now made in healthy skin 
one-half centimeter from the edge of the scar. The incision should 
follow the general contour of the scar area and no attempt should be 
made to form specially designed flaps. The distal skin edge is clipped 
to the iodized gauze as the incision is being made, thus completely 
isolating the terminal infected area. The skin and scar are then dis- 
sected distally and separated from the muscle at the place where the 
muscles are attached to the bone. Usually this will be above the area 
of new bone production and well away from the unhealed area, usually 
one or one and one-half inches. Incise the periosteum just within the 
area of fibrous tissue which extends a short distance distal to the 
actual muscle fibers. Saw the bone at this point. If the preoperative 
treatment has been properly carried out and the scar area is not exces- 
sive, it will now be possible, by careful disposition of the skin, to cover 
the end completely. If it is found that the available skin is not suffi- 
cient, additional bone or muscle may be removed. It is better to avoid 
cutting through the muscles and deep vessels. The nerves are found 
usually by palpation and should be pulled down and severed through 
a small longitudinal incision in the muscles. The wound should be 
drained for 48 hours through a posterior stab wound. This type of 
drainage is preferable because: First, it gives the best drainage, being 
dependent; and second, in the event primary union is not obtained, 
sufficient drmnage is afforded through the posterior opening to prevent 
the incision line from separating. Primary union in the incision line is 
often obtained and maintained in the presence of profuse purulent dis- 
charge, which is satisfactorily taken care of through the posterior 
drainage incision. 


Group II. — In this group are stumps which are already too short 
and which will not permit additional sacrifice of bone. 

It is imperative that at least six to eight months have elapsed since 
the initial injury and that in addition to the preoperative requirements 
already enumerated, the wound be completely cicatrized or that the 
unhealed area be very small and practically sterile. 


Method of Operating in Group II. — The scar should be com- 
pletely removed. The bone should not be disturbed unless there are 
exostoses which are likely to give trouble. Palpable nerves should be 
treated as described in Group I. The aim of the operation is, of course 
to cover the stump completely with healthy, freely movable skin. This 
•s practically never possible without special plastic procedures. The 
snort, below-the-knee stump is the most common e.xample of this 
poup The limited amount of skin may be made more accessible in 
PorttaiS’ removing the fibula, (2) by removing the major 

portion oi the muscles of the calf of the leg. A triangular section with 
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Fio. 10 — Graphic representation of the relative functional value at different levels of bone section. The curve falls rapidly ii 
amputation of the foot. The bottom is at Chopart «te It rises sharply to the Syme level and falls away in the lower third, 
cradually descends as bone length diminishes from the lower third up to within three inches of the knee joint. It n«es to the ] 
highest etficiency at the transcond>lar site, then falls away gradually in the thigh up to within three inches of the joint where the 
of the curve is reached and maintained, including all amputations up to disarticulation. 
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the base external gives the best skin mobilization. The muscular tissue 
directly attached to the bone should not be disturbed and care should 
be taken to leave sufficient blood supply; (3) by using the following 
methods of skin plastic procedures which have been found successful: 

1. Double lateral pedicle 

2. Double oval swing 

3. Single oval swing 

4. Distal pedicle transplant 

Group III.— This group includes those cases in which sagittal 
amputations had been done at a site considerably distal to the ultimate 
secondary site to be selected. Amputation through the ankle joint is 
an example. In this case, the Syme amputation could not be considered, 
as sufficient soft parts are not available, so that the next choice of site 
would be through the junction of the middle and lower third of the leg. 
Other examples would be sagittal amputations one-half inch below’ the 
knee joint, requiring a formal transcondylar amputation. 

In this group it is possible largely to disregard pathology referable 
to the terminal part of the stump and to proceed with the final amputa- 
tion much earlier than in the other groups. In all cases, however, it is 
advisable to adhere strictly to the rules regarding delay until the gen- 
eral condition is sufficiently improved to withstand a major surgical 
procedure and to those regarding edema of the soft parts and associ- 
ated lymphangitis and lymphadenitis. The treatment in this group is 
formal reamputation. 

Operative Treatment in Group III. — A reamputation is equiva- 
lent practically to a primary amputation under ideal conditions, and 
necessarily involves careful consideration regarding the site and its 
influence upon the ultimate functional result. The value of a stump in 
terms of function can be correctly estimated only when the stump and 
its prosthesis are considered as a complete functioning unit. It follow’s, 
then, that in order to choose the proper site one must consider care- 
fully the comparative value of prosthetized stumps. 


Amputations and Their Prosthetic Requirements 

Lower Extremities. — Partial Amputations of Foot. — Amputa- 
tion of toes, metatarsophalangeal amputations, and transmetatarsal 
amputations result in good function. All the length possible should be 
saved. It is a mistake to do a textbook amputation if more bone can 
be saved than is specified in the classical type of amputation. All bone 
length possible should be saved in the metatarsus. It is justifiable to 
attempt to_ preserve bone length in the metatarsus at the expense of 
perfect skin covering and immediate sound healing. All such cases 
require a distal pedicle transplant later, but the delay and the extra 
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surgery necessary are well compensated for in function. A scar on the 
foot healed by granulation, directly overlying bone, wll inevitably 
ulcerate and cause intermittent disability. Every effort should be made ' 
to obtain a dorsal linear scar, with the ends of the bones well covered 
with a plantar flap. The use of the distal pedicle transplant will 
obviate the necessity of rcamputaling partial foot stumps with an 
intolerant scar. 

Lhfranc’s Amputation. — Eisfranc’s amputation gives reasonably 
good function only in case dorsal flexion of the foot is preserved by 
anchoring the dorsal flexors of the toes to the ends of the bones. The 
same general surgical considerations apply here as described for meta- 
tarsal amputations. The only appliance necessary for this, as well as 



Fio II— Chopart stump, showing usual deformity. (Huggins.) 


for the former, is a filler for the toe of the boot and a steel inset in 
the sole to prevent turning up of the toe. 

Transtarsal Amputation — Transtarsal amputation, distal to Cho- 
part’s site, seems preferable to a formal Chopart’s amputation, as 
proper balance of the dorsal and plantar flexors of the foot is Itatter 
preserved. However, the same prosthetic objections apply 
amputation as to the Chopart. 

Chopart’s Amputation.~Chap3.^Vs or mediotarsal amputation 
usually results in poor function for surgical as well as for proslbetic 
reasons (Fig. ii). 
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{a) The type of injury requiring a Chopart stump seldom leaves 
sufficient plantar flap to permit the scar to be placed well on the 
dorsal surface. 

(i) Equinus deformity of the stump eventually develops m spite 
of efforts to preserve foot balance by tenoplastic procedures. As 
equinus develops, the scar, which is usually terminal and poorly vascu- 
larized, is pressed upon, and end bearing, the greatest asset of this 
stump, must be forfeited. 

The stump is too short properly to anchor the necessary fill in the 
forefoot, so that constant friction between the toe fill and the end of 
the stump takes place, usually resulting in ulceration and consequent 
disability. Lack of stability in the toe of the appliance prevents the 
necessary forward thrust in walking, so that slight limp is invariably 
present. In many Chopart stumps it is necessary to anchor the fore- 
foot by extending a steel rod to the ankle joint and connecting this by 
a joint to a steel upright which is laced to the leg. This appliance 
requires a special shoe with a very unsightly ankle. 

The percentage of surgical successes in Chopart stumps is so low 
and the prosthetic difficulties so great that it is not a justifiable ampu- 
tation unless it is intended that a simple elephant boot be worn con- 
tinually instead of the articulated appliance. This point is mentioned 
because there are undoubtedly cases In which occupational considera- 
tions should predominate over the esthetic. 

The importance of preserving muscle balance in partial foot ampu- 
tations requires special attention. A plaster cast should be applied with 
the foot at right angles in slight inversion. The cast should be bisected 
so that it can be removed and replaced easily. Passive and active 
movement should be started as soon as healing is complete. The dorsal 
part of the cast may be used as a night splint for several weeks, during 
time massage of the leg muscles is being carried out. 

Ptrogo^'s Osteoplastic Amputation . — ^The added risk of an osteo- 
plastic procedure is not compensated for in any way, as the per cent 
of total end bearing in the Syme amputation is quite as high as in the 
nrogoff. The added length in the Pirogoff requires that the other shoe 
oe raised at least an inch to make up for the space required for the 
ankle movement in the appliance. This amputation is not recom- 
mended. 

Syme Amputation . — The chief advantages noted in the perfect Syme 
amputation are that it is total end bearing, and that the length of the 
imb IS approximately preserved, so that the patient can walk in the 
ude Without his appliance, and that either the straight boot or the 
^Ppnance with an articulated foot can be worn with reasonably good 


perfect Syme stumps is not hieh. 
siLbV attributed to one or more of the following causes- 

laiprli 5? . plantar flap due to cutting the pedicle too narrow- 
eraj displacement of the flap; sawing of the bones at a right angle 
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to the terminal axis of the tibia, rather than at a right angle to the 
long axis of the leg; making the bone section too near the joint to 
allow space for the mechanism of the artificial ankle. 

Functionally, a perfect total end-bearing Syme is a satisfactory 
stump. The choice between this amputation and one at the ideal site 
in the leg involves an analysis of the occupation and habits of the 
patient. A laborer is better satisfied with the Syme amputation because 
he can wear a straight, nonarticulated boot during the working hours, 
and he is less likely to be dissatisfied with the bulky, unsightly ankle 
mechanism when dressed up than a professional man, for example, 
would be. In women, leg amputation is preferable to the Syme for 
esthetic reasons. 


Amputations of Vza-r-tower Third . — Nothing is gained by the 
additional bone length in the lower third of the leg, as excessively long 
leg stumps interfere with proper shaping of the ankle portion of the 
artificial leg, and may actually interfere ivifh the ankle mechanism. 
Poor va.scularity is the rule In the loiver third of the leg. This results 
in poor or delayed healing or in ulceration later in life. 

Junction of Middle and Lower Third . — Amputation at the junction 
of the middle and lower third of the leg has proved to be the prefer- 
able site in the leg. The essential points in technic are (i) long anterior 
and short posterior /laps, the scar line being posteroterminal; (2/ 
suture of a thin flap of muscle and fascia over the bone ends to prevent 
adherence of the skin to bone; (3) fibula divided one-half inch higher 
than the tibia; (4) beveling of the tibial crest; (s) drainage when 
necessary through a small stab wound in the middle of the posterior 
flap. 

The appliance for this amputation is simple, durable and shape y- 
If the fitting is proper, disability is scarcely discernible,^ Stump to er 
ance to the appliance is quickly acquired and the functional resul 
very gratifying to all concerned. , , j 

In amputations of the leg above this ideal level, every effort sbouja 
be made to preserve all bone length possible. When the amount 01 
bone length that can be preserved with good soft part coverings 1 
three inches or less, it is justifiable to sacrifice ideal condiUons as 
regards the soft parts, if bone length can thereby be increased, it 
was generally considered, early in the last war, that it was not justin- 
able to attempt to amputate below the knee if the amount of bone 
length possible to be saved was less than three inches, Subseque 
surgical and prosthetic developments warrant a revision of this opin- 
ion. In these cases the leverage may be increased to the point of uti i y 
by removing the fibula; culling away practically ail of the musculaj 
tissue on the back of the stump; and severing the inner bnmstpng- 
Special study and experimentation in the prosthetic treatment of snoj 
stumps carried out at various clinics gives promise of increasing 
functionat utility of stumps of not less than trvo inches in length, so 
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that it seems best to defer reamputotion at a higher level until surgica 
attempts to increase bone length or to increase leverage by otbei 
methods have failed. 

The prevention of knee flexion contractures requires special atten 
tion in short, below-knee stumps. In addition to the usual measures 
the following procedures are necessary in very short stumps: {a] 
Muscle or fascial suture over the bone end should be done with tht 



Fig 11. — A simple support ot leg-rest used to support the leg in below-knee amputa- 
The support on which Uic leg rests is made of heavy metal co\ered with leathei 
and IS attached by a joint to a wooden upright The wooden upright is supported in c 
noWow, buit(-up, wooden block ubirh is secured to a wooden base The suppiott rest; 
foe table on which the patient lies and b covered with sterile draperies before the 
ics is placed on it. It is placed under the leg, just below the knee joint, holdmj 
lAe (eg extended, away from the table, and b accessible on all sides It may be placed 
“iSher up behind the knee in short below-knee stumps. 

knee in full extension (most amputations below the knee are done tvitl: 
the knee flexed on a sand bag or stump rest (Fig. 12)). (&) The bicep' 
should be cut or, better, stripped up subperiosteally. (c) A cast or pos- 
terior splint or traction should be applied until healing is complete and 
muscle balance is reestablished, 

^^PUTATiONs OF Thigh.— I f it IS not possible to amputate through 
the leg two inches from the knee joint (bone length) , the next hesl 
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site is the high transcondylar. This 

all osteoplastic amputations at or 7“™ ‘ w t- iC 

and low transcondylar amputations. All of these are too 8 
?he us™ "andard art^cial knee action and requ.re a cu^er^me 
and lauity mechanism outside the clubVike stump. the hkh 

?abon (sfokes-Gritti) offers nothing i" Sr Tnt of su\3 

transcondylar to compensate for a i” merninned In the high 

failures and the prosthetic difficulties PoM where 

transcondylar amputation, the rl is important to keep 

the condyles begin to merge with 1 ' iegullaty cavity 

within the spongy bone below ‘’’^'’'fnJ’nuadriceps tendon^s used, 
proper. A long anterior flap of skin and quadricep ^^.jjearing 
scar is placed well to results in 

surface. Surgical failures are thp standard artificial 

practically all cases. Ample space ts left to place the standara 

knee action in the proper place. every effort 

Above the site tor the high transcondylar amputation 

should be made to save all bone length possible to p 
below the lesser trochanter. Ail *•“">?* band. This is 

to four inches below the lesser trochanter raquirn a P , .yj be made 
an objectionable ieature so that a sp«.al effort stou d aUvaj^oe 
to preserve more than four inches, if trochanter does not 

length of less than two inches below the account 

have sufficient leverage to operate the thigh apphanc 
the disposition of the soft parts adjacent to the joint. ppiia„ce. 

then is to give a stump suitabk for the so-called hip-J gj^atticu- 

From a prosthetic and functional vieivpojnt the clas 
lation at the hip is not preferable to amputation rrtnrtality is 

latter is much more quickly and easily performed. In of ai' 

lower and the resulting stump is better adapted for tne poTOplete 

appliance. Unless there are definite pathologic r^sons 
disarticulation, as in new growths, amputation through 
preferable. .« develop 

Contractures. — In the short thigh stump contractures 
unless preventive measures are instituted immediately al . 
tion. The usual deformity is flexion and abduction. This oe 
terfercs markedly ivith good functional use of an appliance,^ 
is necessary to throw the lumbar spine into marked lordosis 
to put the artificial foot squarely on the ground. ^ fnrmity*. 

The following measures are effective in preventing this 
(a) Surgery: The anterior and posterior groups of muscles s 
sutured together and the fascia lata should be sutured to the a 
group. This aids in preserving balance between the abducto^ ^^uteus 
ductors and gives a more effective terminal attachment for _ 

rnaximus, part of which is inserted into the fascia lata, thereby mcr 
ing its mechanical advantage and enabling it to establish at least par 
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balance with the strong iliopsoas which has been undisturbed at Us 
relatively high insertion into the lesser trochanter. 

{b) Physical therapy: As soon after the operation as the general 
condition of the patient will permit, he should be turned face down ioi 
at least one hour each day with a sand bag or hard pillow under the 
end of the stump, which is forced into hyperextension. If this is not 
possible, stump traction should be applied in such a manner that ex- 
tension of the hip joint will be maintained. After the stump is healed, 
passive and active movements in the direction of extension and adduc- 
tion should be done at the massage period, and at other definite 
periods (Figs. 13-16) daily until the stump is being used functionally. 



Fjo. r6.— Xumerous tyj^ of mechanotherapy to dcwlop the musculature of 
foun^u«ful ^ ‘ilustration show a simple type whjch is practical ^ 
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The correction of long-standing flexion-abduction contractures is 
best accomplished by surgery, rather than by physical therapy alone. 
Division of the fascia lata, followed by vigorous stretching, manually 
and by mechanotherapy apparatus, will correct moderate degrees of 
flexion. In the more persistent ones, Scatter operation for hip fle.xion 
should be done. It will seldom be necessary to free the attachment of 
the iliopsoas, as the deformity is usually not a true flexion contracture. 




•tan m the lower extremity In fact, it is debatable 
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i^nysica) Therapy m Amputations 

.Xt^nt =PP'-ces are 0/ 

The patient who has lost a?a?m is e ® ''"=■ 

he wants to mask his disabilitv because 

functionally useful. To his ^“Pes it will be 

it is, indeed, a poor subsliS'rfi realizes that 

per cent of the individuals n-}f either purpose. Approximately 60 
do not find exTstina nros?^s3 “ => t>™ 

inconvenience of <0 compensate for the 

occasionally for esthetfcpirBoses^*'^?^!?^"" ''’™ 

sues are based unnn POses. The lolfowing conclusions regarding 
volve a cSerfr/l „r “ Pt«s‘heses, and do not in- 

carried out in certain AmcnV?'”* i’”'* .pcostbetic experimental work 
as opportunitv for ^ and vanous foreign clinics since 1921, 
pportunity for exhaustive study and evaluation of the results has 



not been possible fin 

tion centers in EnclanH author visited all important amputa- 

auspices of the ^er£,n p Austria, and Italy under the 

an evaluation of the var' C-ross in order to observe and attempt 
and after the war methods of treatment developed during 

hies of the American R#.rf study are available in the 

van Ked Cross m Washington.) 

Amputation in Han» t 

the trauma, nothing mori=. surgery immediately follorving 

the devitalized tissues /It. debridement, trimming 

lion of site being totahv ^ . S thorough drainage, the ques- 

of the finger^ by proper prevention of contractures 

beginning. spuntmg demands special attention from the 
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In the secondary surgery of the hand, radical alteration in the site 
of amputation is seldom advisable. The usual conditions demanding 
treatment are sluggish, unhealed areas, associated with localized osteo- 
myelitis, or tender and adherent scars udth tendency to deformity, 
especially when on the flexor surface of the joints. The latter condition 
usually demands special plastic procedures, in order that the scar may 
be displaced by freely movable tolerant skin. The distal pedicle trans- 
plant gives the best results where it is important that no bone be sacri- 
ficed. Usually a portion of a phalanx of any of the fingers, except the 
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index and the thumb, can be sacrificed without serious functional 
damage in order to obtain good soft-part covering (Fig. 20). 

The loss of the thumb or any part of it constitutes a serious dis- 
ability. A badly-damaged thumb, with loss of muscular power or 
ankylosis, or both, is preferable to any mechanical substitute. Heroic 
efforts at reconstruction of the thumb are justifiable (Fig. 21). 

Prostheses for amputation of individual digits are seldom useful, 
except for the thumb. They are most useful if the thumb is amputated 
or if all except the thumb are gone, as apposition is made possible by 
the prosthesis in either case. If a sufficient part of any of the fingers 
remains to make active apposition possible, a prosthesis is seldom 
worn, except for esthetic reasons. 

Transcarpd Amputation . — ^Transcarpal amputation is preferable to 
amputation at the wrist even though there is an adherent terminal scar. 
The latter can be repaired by distal, pedicle skin transplant 

Wrist-joint amputation is distinctly preferable to amputation bigber 
up, as pronation and supination are better preserved, and “^1?® 
of a hand or work appliance is facilitated by the more or less 
end of the stump, which permits the elimination of much attacnme 
harness. 

Amputation in Forearm. — Amputation in the forearm should be 
done as low down as possible. In the lower third, circulation ® . 
poor, but usually not troublesome enough to warrant 
higher up solely on this account. Primary amputation should set 
be done higher up for this reason, and reamputation should , 
considered unless all efforts to improve the circulation have ‘ 
The importance of preserving pronation and supination warrants sp 
cial attention to surgical details, i.e., careful treatment of the pe 
osteum to avoid shredding and consequent overproduction 01 0 > 

and the interposition of muscle to prevent bony bridging. . 

No matter how short a forearm stump may be, it should . 
sacrificed, as in the majority of cases a forearm stump is more us 
without a prosthesis than an upper-arm stump either with 0*^ ° j 

an appliance (Figs. 22-25), Forearm stumps should never be shortened 
to correct inequality in the length of the bones. Tender scars or oDjec- 
tionable scars should not be corrected for any reason by the sacnnce 
of bone, but by plastic methods involving the soft parts 
presence of redundant soft parts is an indication for plastic methoos 
to increase length rather than to remove redundancy. 

Amputation in Upper Arm.— Transarticular and transcondylar 
amputations are generally considered objectionable from the stsd 
point of existing prostheses, because the fitting is difficult and there is 
inconvenience to the patient in applying and removing the apparatus. 
Moreover, the artificial joint must be placed lower than on the normal 
arm. Experien.,e shows, however, that in single amputations, less than 
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20 per cent of upper arm amputes wear appliances. Of these, it is rea- 
sonably safe to assume that the majority are those wearing a practical 
(work) appliance rather than an esthetic one. The newer practical 
appliances are more securely fitted with less harness if the bony prom- 
inence of the condyles is present, so that before deciding upon the 
sacrifice of the condyles, a careful analysis of the requirements of each 
individual case is necessary. Above this level, all bone length possible 
should be saved. 


Ties. 22-J5 — Plastic pseudartbrosis club motor Valuable m work appliances. 

CiNEJIATIZATION OF AMPUTATION StUMPS 

In July, 1918^ the report of a special committee, directed to investi- 
gate the question of cinematization, was available to those engaged in 
amputation work. The conclusions of this committee were, briefly that 
cmematizaljon could not be recommended except as an experimental 
procedure, because it was still in the trial stage, and that it should not 
a^empted unless adequate faalities were available for pursuing the 
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experimental prosthetic work necessarily associated with it. Three 
cases were cared for in the base hospitals in the United States and two 
patients with cinematized stumps were returned from overseas. In 
none of these cases was the final functional result a distinct improve- 
ment over that obtained with the usual methods. Two w’ere failures 
and required excision of the tunnels. Lack of success was due to the 
failure of coordination of the surgical, physical therapy, and prosthetic 
treatment; to the frequent transfer of patients; and perhaps, in a 
measure, to the breaks in follow-up coincident with frequent changes 
in personnel after the Armistice. 

The admitted functional deficiency of all prostheses for the upper 
extremity stimulated surgeons, before and during the war, to try to 
utilize muscle power in the stump by connecting it more effectively to 
the prosthesis, so that the muscle power could be used to operate the 
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terminal part of the appliance (Figs. 26-28). Cinematization, as pro- 
posed by Vanghetti, was tried and enlarged upon during the war. It 
has a limited field of application. 

(1) Cinematization should be considered only in double amputa- 
tion. 

(2) The vocational reeducation plan should be thoroughly worked 
out, in each case, in advance of any cinematization efforts to improve 
stump function. After the trade, its tools, and the operation of the 
tools by the available stump have been studied, cinematization should 
be considered, but only individually and selectively in each case. It is 
essential that the surgeon make an individual and personal study of 
the functional possibilities of the stump under consideration. Physical 



Fic. 2g — Cinematitation-muscle power in tbc tunneled muscle motors must be devel- 
oped before an appliance is worn Furthermore, skin tolerance in the tunnel must also 
M de\eloped This may be done by passim; a metal rod through the tunnel, the rod 
wing attached to a chain or strings which are connected to a weight and pulley, or 
lorce may be exerted manually as shown in this illustration The chief value of this type 
of cinematization is that it facilitates the attachment of a work appLance instead of 
serving as an active motor to activate the end tools or the hand 

therapy really begins in earnest after the tunnels or club motors are 
healed surgically. The aim of physical therapy, of course, is to develop 
tolerance in the tunnels or clubs; to build up the cinematized muscle 
^oups by means of massage, and active muscle movements by means of 
direct attachment of the muscle motor to weights and pulleys (Fig. 29). 


Special Postoperative Treatment 

Traction.— In all stumps in which there is even moderate tension 
traction straps should be applied in the operating room. In undrained 
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cases it is best not to apply weights until the following day, unless 
tension is marked. If applied at once, traction seems to create dead 
space and favors the accumulation of clot. In addition to the advan- 
tages of traction previously mentioned, there seems to be no doubt 
that it adds to the comfort of the patient by preventing muscular 
spasm and that it is instrumental in preventing postoperative hemor- 
rhage in the same way. 

Blood drainage should be removed in 48 hours. In case secondary 
hemorrhage occurs with ballooning of the flaps, it is best to remove 
the sutures, clean out the clot, and reapply traction. Secondary infec- 
tion is frequent in cases in which special attention has not been given 
to the elimination of dead spaces and in those in which secondary 
hemorrhage occurs. 

Use of Provisional Appliances 

Amputations of Lower Extremity. — In all stumps of the lower 
extremity, with the e.xception of partial amputation of the ® 
the Syme amputation, a portion of the stump is called upon to *u - 
tion in a manner entirely new and for which it is P, 

is, weight-bearing. Radical physiologic changes necessarily P 
in the weight-bearing portion of the stump, i.e., pressure stropny 
the soft parts; increased tolerance of the skin to lateral pressure 
the encasing socket of the appliance; development of ,, 

sense of position; and tolerance (0 pressure on, and adjacent to, y 
prominences. The other important task of the slump leg .,1 

of the limb and its appliance. In spite of the fact that the arli 
limb is not so heavy as the amputated part, more power is req 
to swing it on account of its comparative inertness. 
in balancing undoubtedly adds to the demands made upon the m 
lar power of the proximal part of the stump leg. Of vital 
the preservation of normal muscular power, or better, the develop 
of increased muscular power, in the proximal part of the stump leg- 
Inasmuch as certain definite physiologic changes must take P 
both in the stump and in the proximal part of the leg before ^ ® ^ 
can be considered functionally fit for a permanent appliance, n 
dearly the duty of the surgeon to use all methods at his disposa 
hasten these changes and to obtain a good functional 'veil a 
good surgical stump before a permanent appliance is used. The * 
velopment of provisional appliances, which can be made cheaply a 
quickly under the supervision of the surgeon, has been instrumental 
bringing about coordination of the surgical and prosthetic 
of the stump. This coordination existed in most amputation cen 
during and after the war, but most surgeons have not appreciated i 
importance of supervising the early functional development ol j 
stump, and have reverted to the former practice of dismissing m 
patient to commercial limb makers after surgical healing is complete- 
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Principles of Fitting. — Weight bearing in the case of beIow»knee 
amputation is distributed as follows: cone bearing (lateral surface 
bearing), bony-prominence bearing (head of tibia, tuberosity of tibia, 
fibula below head), partial thigh surface bearing (thigh cuff), and, in 
a certain percentage of cases, end bearing. In a finished appliance, the 
stump is encased in a solid shell, which is molded or carved to fit the 
stump in such a way that all the bearing points and surfaces are used 
to a variable degree. The physiologic changes in the stump n-ill depend 
largely upon the predominating type or types of bearing chosen in a 
particular case. 

Cone and bony-prominence bearing, with slight partial thigh bear- 
ing, are applicable to most leg stumps, except the stump resulting 
from the Syme amputation. Pressure atrophy is rapid and marked, 
consequently repeated remolding of the socket is imperative. End 
bearing diminishes pressure atrophy of the stump. In amputation of 
the thigh, bony-prominence bearing (ischial tuberosity), cone bearing, 
and in certain cases, end bearing, are utilized. Bony-prominence bear- 
ing predominates, so that pressure atrophy of the stump is slower and 
less marked than in leg stumps. 

There seems to be no doubt that end bearing is possible in a fair 
percentage of stumps, and that success in obtaining it is largely de- 
pendent upon faithfulness and persistence in carrying out the neces- 
sary preliminary measures to increase the tolerance of the end of the 
stump. Experience seems to prove that a definite distinction must be 
made between total and partial end bearing, and that in certain in- 
stances total end bearing may not be desirable, i.e., in long, below- 
the-knee stumps. Cone and bony-prominence bearing give nearly 
perfect function. If end bearing is attempted in these stumps, there is 
a certain lack of adhesion between the appliance and the stump and 
the gait is not so good as with cone bearing In thigh stumps of mod- 
erate length, total end bearing is not preferable to ischial and cone 
bearing for the same reasons. There is little doubt that partial end 
bearing is always an advantage. The following stumps, in addition to 
partial foot amputations, are especially well adapted for end bearing; 
U) the Syme stump; (2) short below-knee stumps, and (3) stumps 
resulting from a transcondylar thigh amputation. The section in each of 
these is through spongy bone, which seems to give a more tolerant end- 
bearing surface. Each is clubbed more or less on the end, thus favoring 
proximal methods of attachment of the appliance and avoiding the mal- 
adjustment of the appliance mentioned above. 

Qualifications of Provisional Appliances. — An ideal provisional 
appliance should possess, in the main, mechanical features similar to 
P^rrnanent appliances. The socket should be of solid material 
should be molded or carved in the same accurate manner as in a 
I^rmanent one, A provisional appliance which merely shrinks the soft 

issues of the stump, and does not develop the tolerance of the bearing 
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fics 30-35 —Provisional t>'pe of limb with separate plaster socket m ^jQcjjjnelte U 
or stod; frame with side bars The plaster socket is made as Joliow the 

drann ox'er the stump. Plaster of pans bandages are applied below 

stockinette No cotton is used The moIdiiiR should be accurate, an . the 

stumps a small piece of felt should be plat^ over the head of the n polnU 

tuberosity of the tibia in order to make a slight indentation in the c^i „K5r^ is Tivtt«® 
The frame for this type of socket may be a peg of either wood or . „i,j..b3r fr*®^ 
to the molded socket (Fig. 30) or the plaster socket may be set m a a 
with an artificial foot as shown in Fig to and thigh stumps as arrai»f«* 

Fig. 33 —Peg leg with a plaster socket nve^ to steel bars, the peg 
so that it can be flexed when the patient sits 




Frcs 36, 37. — Simptcst type of peg leg The frame pert may be made of wood or metal 
The socket is made of plaster of pans, and the strap is of simple webbing The strap 
goes across the opposite shoulder. This tyT* of peg can be made in any hospital In 
case difficulty is encountered in obtaining the wooden part of the frame, a crutch may 
be used for thu purpose It wnlt be noted that the frame is incorporated in the plaster 
socket and is not fixed by nvets 


31 



30 [!&>";/ 


Physical Therapy in Amputations 



or stock frame with sidf separate plaster socket mounted on a P*S 

drawn ostr the stumn Piaster socket is made as follows: A stockinette is 

stockinette No cotton is , *>andages arc applied immediately over IM 

stumps a small pjefp oj t.j, ,? molding should be accurate, and for below-knee 
tuberosity of the tibia m owr the head of the fibula and over IM 

The frame for thb type of * slight indentation in the cast at these P®‘"^ 

to the molded socket (Piir la. either wood or metal which is nvet™ 

with an arliricial foot as shown Piaster socket may be set in a double-bar frame 

Fic. a —Peg leg with a dU</ 1, *”** stumps as shown in Fig. 3* . 

so that it can be flexed when the pa*'*^^* nveted to steel bars, the peg being arrange 
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points and surfaces that will be called upon to function in a proper 
permanent appliance, is not efficient. The provisional socket must be 
one which can be remolded frequently and comparatively inexpensively. 
In a certain percentage of cases, it is not only desirable but necessary to 
change the shape, as well as the position, of the socket. A complete 
change of socket rather than a reshaping is sometimes necessary. This 
feature is important in all cases in which there is more or less mal- 
position of the stump, the malposition improving with the use of the 
appliance. 

Types of Appliances — Various types of temporary appliances may 
be used. In most of them the socket is made of plaster of paris and the 
framework of wood or metal. The various types are shown in accom- 
panying illustrations (Figs. 30-35). ^ . . 

The recent ampiiti is usually most concerned with removing bis 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint. Pegs (Figs. 36 and 37) the cruder 
types of temporary appliances are strenuously objected to by many 
patients. If the surgeon explains the physiologic and economic reason 
for the use of temporary appliances, the assent and the cooperation 
of the patient will be obtained in most cases. 

An attempt was made in the United States Army to utilize a pr * 
visional leg, which in all respects looks like a finished leg. 
it was adjustable as to length, foot position, and socket. The sock 
adjustment was accomplished by means of molded plaster of pa 
sockets which were made on the patient and then set into the sro 
frame of the provisional appliance. New plaster molds were maue 
the stump shrinkage progressed. . . . -ly 

In addition to meeting the esthetic requirements more satisiacio y 
than the peg appliance, this type offered the advantage 01 quan y 
production and quicker fitting. , _ 

In thigh amputation and in about 85 per cent of the cases . 
there was sufficient bone length to operate the ordinary thigh leg, 
latter type of provisional leg was entirely satisfactory (Figs. 3o*4 ^ 
Most of the remaining 15 per cent fell into the class of excessively lo 8 
stumps. It was not possible to fit these on account of interferen 
the mechanism for the adjustment of length. The greater part oi m 
weight rests on the tuberosity of the ischium, and accurate con 
bearing is relatively unimportant; consequently the cone fitting 
not need to be very exact. In leg amputations, the task of fitting 
type of leg was much more difficult (Fig. 41). Bony prominences ar 
more numerous and less tolerant to weight bearing. Consequently, ^ 
bony-prominence fitting must be more accurate and a great amount 01 
weight bearing must be allotted to the cone fitting. For this reason, tne 
latter must be more precise. , . v 

In order to meet the requirements of the more difficult cases which 
could not be fitted \vith the original model of the stock appliance, a 
more versatile type was developed and the stock parts (framework; 
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manufactured in quantity, in a variety of sizes, the only essential 
difference from the original model being that a carefully-molded plas- 
ter socket was made and riveted to the side bars. 

The plan generally adopted in all amputation centers is to fit the 
stump \vith a temporary appliance as soon as healing is complete, but 
not to hasten the prosthetic treatment at the expense of a good surgical 
result (Fig. 42). The appliance is worn at first to the limit of tolerance, 
special care being taken not to damage the soft parts. The part of the 
appliance which encases the terminal part of the stump, commonly 
called the socket, is changed and refitted as pressure atrophy pro- 



Fics 38.40 — Stock provisional appliances used in anny hospitals during the War. 
Ice mam body of the limb is made of fiber with connecting parts of metal A variety 
lengths was supplied in stock Adiustments for length were made both below 
fiM i K ^ Knee, merely by sawing off as much fiber as was necessary The socket was 
mtea by means of an adjustable leather cuff This was later abandoned and molded 
piaster of pans sockets were made owr the stumps and then set into the fiber frame 
of the limb 


Fic 30 — Patient weanng below-knee hmb of this type The plaster socket i; 
» artificial limb and the patient’s left leg It appwars dark becausi 

been shellacked to protect it from pers[nration 

Fic 40 — Below-knee stump with plaster socket. 
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feature is important in all necessary. This 
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Panying illustrations (Figs 30-35). ® *'’ 0 ™ “ 

phystca! deficiency as soon* concerned with removing his 
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patients, if the surgeon slreniiously objected to by many 

for the use of temporary nnnr* Pbyaiologic and economic reason 
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it Was adjustable as to !Sh‘ r “ *i"‘sbed leg. 0 / necessity, 

adjustment was accomnSa’ and socket. The socket 
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frame of the provisional Patient and then set into the stock 

shrinkage progre^ed”"^*' Piaster molds were made os 

than the peg applianor®,)!;' “'hatic requirements more satisfactorily 
production and quicker offered the advantage of quantity 

there was suffidenrbone^Lnnll 

latter type of provisinml Operate the ordinary thigh leg, this 

Most of the remaininir i <? entirely satisfactory (Figs. 38-40). 

stumps It was not possiWe m*^Kl ft * excessively long 

the mechanism for the ih;. ft .account of interference of 

weight rests on thft 

bearing h relatively unimr*«^*^^. ischium, and accurate cone 

not need to be very exsrr t« ^^^^quently the cone fitting does 
type of leg was much morp rfim f*^Putations, the task of fitting this 
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bony-prominence fittioK mmf HI* bearing. Consequently, the 

bearing must be\llQt,i^. ^ accurate and a great amount of 
latter must be more prccift «>ne fitting. For this reason, the 

In order to meet tL wIS,' • 

could not be fitted with difficult cases which 

more versatile type was devetnnlH^^ niodel of the stock appliance, a 
P d and the stock parts (framework) 
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manufactured in quantity, in a variety of sizes, the only essential 
difference from the original model being that a carefully-molded plas- 
ter socket was made and riveted to the side bars. 

The plan generally adopted in all amputation centers is to fit the 
stump with a temporary appliance as soon as healing is complete, but 
not to hasten the prosthetic treatment at the expense of a good surgical 
result (Fig. 42). The appliance is worn at first to the limit of tolerance, 
special care being taken not to damage the soft parts. The part of the 
appliance which encases the terminal part of the stump, commonly 
called the socket, is changed and refitted as pressure atrophy pro- 



T* 38-40 — Stock provisional appliances used In army hospitals during the War 

ine mam body of the limb is made of fiber with connecting parts of metal A variety 
a lengths was supplied in stock Adjustments for length were made both below 

fill H *^nee, merely by sawing off as much fiber as was necessary. The socket was 
ted by means of an adjustable leather cuff TTib was later abandoned and molded 
^ 0* Paris sockets were made over the stumps and then set into the fiber frame 
01 the limb 


. 30— Patient wearing below-knee limb of this type The plaster socket is restino- 

limb and the patient’s left leg. It appears dark because it has 
been shellacked to protect it from perspiration 

Fic. 40 — Below-knec stump with plaster socket 





32 II Physical Therapy in Amputations 
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culature of the proximal part of the leg well developed. The stock 
provisional appliance is sufficiently durable to last from eight months 
to one year. Three to six months* preliminary prosthetic treatment is 
usually sufficient to prepare stumps for the permanent appliance. 

Partial amputations of the foot, Syme stumps, end-bearing thigh 
amputations and disarticulations of the hip do not require provisional 
appliances, as a rule. In these stumps the fitting is difficult, and there is 
so little change in the stump compared with changes in stumps in which 
cone and bony-prominence bearing predominate, that there is no rea- 
son to delay the permanent fitting. 

Amputations of Upper Extremity. — ^The use of provisional appli- 
ances in amputations of the upper extremity does not seem to be so 



_ 41 —First temporary appliances lor short thish stumps in double amputation 

U IS advantajeous in double amputations of the thiph to base the temporary appliance 
'■try much shorter than the normal length, as it is very difficult for these patients to 
Jtgain the sense of balance and equilibnum As skill in walking with the short pegs 
^ developed, the length may be increased (Courtesy Letterman General Hospital. San 
Francisco, Calif 1 ’ 


necessary from the standpoint of fitting as in amputations of the lower 
extremity. The physiologic changes in the stump caused by the use 
of the appliance are not marked enough to require frequent refittings 
and an exact fitting is not so necessary as in lower-extremity stumps, 
fhe chief advantages in provisional fitting are that (i) immediate 
fittings are possible, which would not be the case in time of war if 
permanent appliances were supplied by the artificial-limb industry; 
\2) an opportunity is given to coordinate the surgical, prosthetic, and 
Pnysical therapy treatment and to carry out a reeducational program 
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gresses. Three changes are usually required. Deformities and surgical 
defects of the stump, i.e., bony ^urs, latent infection, tender nerves, 
etc., will be readily discovered and should be treated during this^ pre- 
liminary prosthetic treatment. Stumps should not be fitted ■with a 
permanent appliance until they are surgically sound, pressure atrophy 
of the weight-bearing portion well advanced, and the propulsive mus- 



Fio 41— The United States Amy leroporary below-knee prosthesis. j 

1 The temporary below-knee fiber set-up as supplied by the secure 

Limb Co The side steels are removed by cutting the copper height 

them to the vutcanired fiber shm piece The ^in piece can be shottened .® , 

by sawing off Ua top, made largei or smaller by temonng the copper ” foot 

which secure the oierlap seam of the prosthesis. There Is ankle and toe mot ■ 

is of wood, uncovered and not painted. . of the 

2 A plaster socket is molded to fit the slump and secured in the upFr • 

fiber shin piece where it is made fast This type of socket is snort-uvea « 
changed as shrinkage occurs , tannot 

3 A piaster model oS the stump with areas built up with felt where P^, j jhis 

be borne The fine around the top indicates the future top of the hucket. A 
corrected model of the stump three layers of thin harness leather are ,^{ends 

glued together and sewed posteriorly with wax-end The last layer of icat 

only part way down the bucket, acting as a shoulder which supports it in t«e 

^ 4 The finished molded leather bucket, ready to be secured to the fiber shia p>t 
It is of rigid construction Tbe 

5. TTie temporary below -knee prosthesis complete, aligned and been 

bucket IS securely fi-ced to the upper end of the fiber shin piece, the side steels n 
adjusted and nvcled m position The upper end of the shin piece, the leather cue 
side steeb are covered with calfskin, whidi u fixed in position with glue or 
(Orthopedic Shop Walter Reed KosfutaL) 
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attachment plate in which a hand, tools, or any type of hook or other 
useful device could be used interchangeably, was adopted. The metal 
parts were manufactured in quantity and issued to amputation centers. 
Sockets were made of leather and the work of fitting was done in 
appliance shops. Workmanship and exactness of fitting were probably 
not equal to those obtainable in the open market, but the arm served 
the purpose as a provisional appliance as well as could have been 
expected from any single type of appliance obtainable (Fig. 43). 



FlO 

be de\ns 
namely, the c 
attachment 


• number of attachnients 
of tools for agricullure, 
hook, and the hammer 


Occupational Therapy and Reeducation. — Lower Extremity, — 
In lower extremity cases, the actual use of the appliance in walking is 
the only reasonable means of occupational therapy, so that if regular 
tasks are to be assigned, they should be those which require walking 
under varying conditions, i.e , steps, irregular terrain, etc. In double 
amputations, considerable assistance and instruction are necessary at 
sort crutches and quadruped progression must be re- 

ortecl to. Later, a double-rail walking platform with grades and steps 



Fig 48 — ^Adaptation for 
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Fig 45 — ^Dunng the development of the musculature of the st Pi 
therapy may be considerably facilitated by making adaptations ol which 

appliances to fit the stump rather than by depending entirely on tne app jj,j5 

IS fitted to the stump An example of this type of occupational therapy bilUar'l 

illustration Adaptations of sport implements (le, golf stick, v-aluable 

cue) were successfully made in army shops during the War. These are ^ factor in 
during the de%elopment of the musculature of the stump and arc a nr P 
improving the mental state of the patient 



Fio 48 — ^Adaptation for saw. 
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Fic 4S. — During the dmlopmcnt of the musculature ^ and 

therapy may be considerably facilitated by matving _ .u. anoaratus which 

appliances to fit the stump rather than by depending entirely . shown in this 

IS fitted to the stump An example of this type of occupational Ihera^ billiard 

illustration Adaptations of sport implements (ie, golf _ very raluable 

cue) were successfully made in army shops during the War l heloful factor m 
during the development of the musculature of the stump and a 
improving the mental state of the patient 
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may be attempted without crutches. Finally, independent w’alking, 
preferably under the instruction of a person with an amputation, is 
attained. 

Upper Extremity. — Occupational therapy is made possible, first, 
by the early fitting of temporary appliances (Fig. 44) of such type 
that many varieties of tools may be inserted in a universal end- 
attachment; and, secondly, by the adding of attachments which will 
permit the stump arm to be used as an auxilia^, wthout an appliance 
(Figs. 45-50), thereby bringing it into functional, if not vocational, 
use, for therapeutic purposes. 



Fic SI —The United -States Anny temporary thijh prosthesis, ischial.beanng 
» T*}® fiber prosthesis ssithout suspenders as supplied by the Minneapolis 

al prosthesis is adjustable and readjustable as to length and 

bearirr^"^’j* **’*'*^ bucket, and as to the distribution of weight on nonweuht 

anH » ''e>2ht-beanne points This temporaty prosthesis has the same knee, ankle 
permanent t>pe of prosthesis The bucket b of rigid type but 

temporar>- fiber, ischial-bearins prostbesb fitted and properly aligned, with 
suspenders attached (Courtay Orthopedic Shop, Walter Reed Hospital) 
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Fic 5j — The duralumin prosthesis 

I Duralumin “set-up” consbting of shin piece, knee joint, and knee block made of 
The prosthesis is completed for the ischial-beanng type by adding a wooden 
thigh bucket and wooden foot as shown in t The “set-up” weighs two pounds and two 
®“’’^”-The completed prosthesis weighs about four pounds 

. * duralumin ischial-beanng prosthesis with willow bucket Shoulder straps are 
t entering the anterior surface of knee block for knee control The duralumin leg 
s become sery popubr on account of its light weight. (Courtesy J. E. Hanger, Inc.) 



42 [voi^m" II Physical Therapy in Amputations 

There is no doubt that there are insurmountable problems con- 
nected with the replacement of hand function by the mere substitution 
of a prosthesis. Real progress in improving the function in arm ampu- 
tations depends upon: first, reeducation of the remaining hand in single 
amputations; and, secondly, reconstructive surgery in double amputa- 
tions, together with individual development of special appliances for 
particular trades. 

In teaching patients who have undergone recent amputation how to 
take care of the acts of personal necessity — dressing, etc. — arrange- 
ments should be made to secure the services of an experienced person 
who has undergone an amputation, as it is impossible for an unampu- 
tated person really to aid as an instructor. This plan was followed in 



•sdiial-beariDE and below-knee amputations wthcuj 
a»owinK toe motion and.articulate 

fhih with the shin pace which is made of willow. The knee JO'”t 

^ cordless type The buckets of both the below-knee and 
Kte^hkh U n'"®. throughout, including the feel, 

Th. waterproof, flesh-colored cement . . . . 

I'"’” rooebAed and a “leather-back” socket made, which ca 
M K f than inches The willow is cut a''ay and 

AdS leather-back socket is more comfortable to sit m 

‘x' wooden socket as the leather is softer and ten 
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Upper Extremity. — Finished appliances for the upper extremity as 
offered by the commercial market should be considered only from the 
standpoint of general utility, as such arms are seldom of much value 
vocationally. They are useful in carrying, as the fingers can usually be 
locked in flexion or set permanently in flexion \vith a movable thumb; 



, 5 S. 56 —Ischial bearing is the predominant type of bearing in all amputations 

’ (Fig 53), CTCcpt transcondylar, which k shown in Fig 8 In the latter, 

an 1 "ammock is suspended in order to permit end bearing In some finished 

Ppiiances, the temmal part oi the socket is shaped and the hammock b not used 


and they are useful as an auxiliary In single amputations. Practically 
all arms offered have similar features — namely, a rotating wrist and 
a movable thumb, which apposes to fixed fingers by spring action, the 
angers being in slight flexion. The thumb is usually operated by a cord 
extending to the opposite shoulder. 
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the army and should be used by all surgeons who are doing amputa* 
tions. 


Permanent Appliances 


Lower Extremity. — Partial Foot Amputations. — The appliance 
for a partial foot amputation requires a fill of cork pd metal reen- 
forcement in the toe of the shoe to keep it from turning up. Chopart 
amputation requires, in addition, anchorage in the form of a molded 
leather lacing, with side steels extending up to the knee. Syme ampu- 
tation requires an ankle joint and side bars, either lateral or antero- 
posterior. 

Below-Knee Amputations. — The socket is made of willow and is 
shaped by routing with a drawknife. It is anchored to the foot by steel 



bars, which are set into the wood. The entire limb, except the joints 
at the ankle and the knee, is covered with rawhide. Lateral stee s 
extend above the knee. To these are attached a leather thigh cun, 
which is laced to the thigh (Figs, 51-54). 

Thigh Amputations.— The main body of the limb is made usually 
of willow or aluminum (Fig. 8). In either case the socket is of 
The knee action is either automatic (spring control) or is contro e 
by a strap which goes over the shoulder. The weight-bearing is on ttie 
tuberosity of the ischium in most thigh stumps, except the trans- 
condylar (Figs, ss and 56). In the latter, total end bearing Is possible. 


Care ol Stump 'vofam’eiil 

Redundancy. — Many stumps become redundant after prolonged 
use of an appliance, so that the skin hangs in folds. Fissures form 
between the folds and become the seat of various types of dermatitis. 
If redundancy is marked, and fissures and dermatitis are continually 
interfering with the functional use of the limb, it is best to perform a 
plastic operation to correct the redundancy rather than to temporize 
with local treatment. 

Ulceration. — When patients pass middle life, ulceration near the 
end of the stump is very common. Frequently the ulceration is due to 



Fio 57 — Method of uang cratches in the case of an arm stump 

original pathology for which the amputation was done, such as 
disease, diabetic gangrene, senile endarteritis, etc. In many 
01 these cases, the more recent procedures recommended for the im- 
provement of low vascularity in the extremities should be tried before 
reamputation is considered — namely, perivascular sympathectomy 
ganglionectomy, intravenous saline injection. ’ 

Nerve Bulbs. — Tender nerve bulbs, of course, should be removed if 
iney interfere with the use of the appliance. 
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In amputations above the elbow, a ‘ ’ 

flexion is accomplished by a forward s • . 

stumps, of course, attachment to the shouiaer is necessary. i«e proa* 
lem of vocational appliances in amputations of the upper extremity 
should be worked out in each individual case, and the appliance should 
be so designed as to be an auxiliary to the remaining arm in the daily 
work of the individual. 


Care of the Stump 


The minor ailments of the slump and difficulties with the socket of 
the appliance seldom come to the attention of the surgeon, as he 
usually does not see his patient after an appliance has been fitted. 
The limb fitter, being eager to please 'and hold his client, who, of 
course, is a potential customer for the rest of his life, attempts to givT 
advice on all questions regarding the stump. Due credit for this service 
should be given to fitters, whose advice is usually helpful, as the 
majority of them are, themselves, wearers of appliances, but it fre- 
quently happens that definitely indicated treatment of the stump is 
delayed and disability prolonged by withholding medical counsel. 
Surgeons should insist on following their amputation cases until the 
permanent appliance has been worn for at least a year, as many stump 
troubles will appear during that time. 


Variation in Size of the Stump. — Usually at the time a permanciil 
appliance is fitted, the stump has not thoroughly "shrunk." In order 
to avoid frequent changes of the socket, adjustment for the shrinkage 
is accomplished by adding stump socks. Slump socks are supplied m 
wool and silk-wool and can be obtained at any appliance house. 
stumps should be protected with well-fitting stump socks when the 
appliance is being worn. Frequently patients are at a loss as to vihy 
the artificial limb will fit one month and not the next. As a rule, t e 
explanation lies in the variation of the size of the stump, which in- 
creases or decreases as the patient gains or loses weight. Usually, m 
the morning, some difficulty is encountered in properly fitting the 
stump into the socket of the appliance, due to the fact that the stunip 
has enlarged slightly during the night. 


‘>1 the functional use of the stump, considerable 
difficulty is encountered because of chafing of the skin at the points 
where procure is exerted, l^ter. callosities may develop at the sam^ 
points. In below-knee stumps, these points are under the head of the 
the tibia, and along the inner surface of 
the head of the tibia. Treatment of this condition consists in proper 

locketTimerlals^^^'''' of the interior of 
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Redundancy. — Many stumps become redundant after prolonged 
use of an appliance, so that the skin hangs in folds Fissures form 
between the folds and become the seat of various types of dermatitis. 
If redundancy is marked, and fissures and dermatitis are continually 
interfering with the functional use of the limb, it is best to perform a 
plastic operation to correct the redundancy rather than to temporize 
wth local treatment. 

Ulceration. — When patients pass middle life, ulceration near the 
end of the stump is very common. Frequently the ulceration is due to 



Fic 57 — Method of using crutches in the case of an arm stump. 


^e original pathology for which the amputation was done, such as 
disease, diabetic gangrene, senile endarteritis, etc. In many 
of these cases, the more recent procedures recommended for the im- 
provement of low vascularity in the e-ttremities should be tried before 
reamputation is considered— namely, perivascular sympathectomy 
ganglionectomy, intravenous saline injection. ’ 


Nerve Bulbs. — Tender nerve bulbs, of course, should be 
hey interfere with the use of the appliance. 


removed if 
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Sensations in Amputated Part. — ^Shortly after amputation, a very 
high percentage of patients wll complain of pain, numbness, par- 
esthesia, etc., in certain parts of the amputated limb. As a rule, it is 
not necessary to take these subjective symptoms seriously, as it is 
not long before they are forgotten by the patient. 


Use of Crutches 

Unless the patient is supplied with a reserve artificial limb, it is 
inevitable that a fair portion of his time must be spent using crutches 
while repairs are being made. All persons who have undergone ampu- 
tations use crutches when the appliance is not worn, as in bathing, etc. 
It is well for the surgeon to give every- patient who .uses crutches 
simple instruction in their use. The weight in crutch progression should 
be borne chiefly on the hands, and the axillary rest should take only 
part of the body weight. In the forward thrust of walking, most of 
the weight should come on the hands. When the patient stands, he will 
usually allow most of the weight to come on the axilla, thereby giving 
the hands a rest. If the crutches are too long, bearing wll be pre- 
dominately axillary, and may lead to crutch paralysis, or slow atrophy 
of the arm. Occasionally, one is called upon to take care of a patient 
who has had multiple amputation. When both an upper and a lower 
extremity are amputated, the question of walking with crutches neces- 
sitates some adaptation to the crutch, in order to enable the patient to 
walk with crutches (Fig. 57). 

Summary of Physical Therapy 

In every case a person who has undergone amputation is a potential 
therapy patient. In the majority of cases, physical therapy 
should start within a few days following the amputation. In infected 
cases or guillotine amputations a portion of the physical therapy meas- 
ures must be delayed until healing of the stump is secured, but even 
then a certain amount of physical therapy is indicated. The chief 
therapy measures indicated are massage, motion, hardening 
ot the stump, splinting, and the supervision of the wearing of me 


Massage. Light stroking massage should be started on the stump 
^s above the protective dressing and continued up the limb, growing 
stimulating as the upper limits of the extremity are 
reached. As soon as the incision is healed, light stroking and kneadmg 
massage should be started over the end of the stump. The purpose Jj 
and accustom the patient to the touching and 
vpnt ^ (a most important psychologic effect); m pr - 

tn nrpmr,^ stump pliable; and, finally^ 

to prepare the stump for end or partial end bearing. This massage 
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should be continued even after discharge from the hospital in cases of 
adherent scar, contractures, and impaired function in adjacent joints 

(Fig. 58). ^ 
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Motion.— Passive and aedve motion of the stump and the adjacent 
ioint should start within a few days after the amputation. At first the 
rgeon must ge^ move the joint, but within a few days he patien 
must be taught and stimulated to move the extremity ™ 

extend the adjacent joints several times a 

should teach and supervise these movements follomng the mass g 

Hardening of Stump.-Accustoming 
hardening of the stump can 1‘kewise taught 'lightly to 

as active motion has developed, the patient should g 
tap the end of the stump, covered by. its pressing, on ^ ^ 0 , 

when the wound is healed, this tapping on a pillow is coounue 
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the stump end exposed. The hardness of the surface being tapped is 
gradually increased until the patient, within two or three weeks, is 
striking his stump rather forcibly against the bottom of a chair or the 
surface of a table (Fig. 50). 

Splinting. — Splinting, to prevent joint contractures and faulty posi- 
tions of the stump, and traction, either for the same purposes or to 
secure better skin covering of the stump, are likewise physical therapy 
measures which must not be neglected in indicated cases. 

Wearing of Prostheses. — Finally, the surgeon who is rehabilita- 
tion-conscious must recognize the importance of supervising the wearing 
of temporary and permanent prostheses until the patient has regained 
the greatest possible functional restoration in the handicapped ex- 
tremity. 




CHAPTER FOURTEEN 


PHYSICAL THERAPY IN RELATION TO THE SURGICAL 
TREATMENT OF ARTHRITIS 

Beveridge H. Moore, M.D. 

Introduction 

Definition. — In discussing this subject it is well to define clearly 
the ground to be covered. It is not the intention to discuss the physical 
therapy of arthritis; that is taken care of in another chapter. This 
one is concerned only with the surgical treatment of arthritis in its 
relation to physical therapeutic measures. There is a dearth of litera- 
ture on this subject. Most of the available articles describe minutely 
the details of the operative procedure and then blandly remark that 
physical therapy is a valuable adjunct in the after-care, leaving the 
reader to form his own conclusions as to how or why. Another point 
that should be cleared up preliminary to a discussion of the subject 
is a definition of arthritis. The classification of arthritis is at present 
in a deplorably muddled state. There is confusion as to the nomencla- 
ture of the various types, and to make matters norse, some authors 
are including pyogenic, tuberculous, and gonorrheal joints in the class 
of arthritis, These conditions undoubtedly are inflammations of the 
joints, but to include them under arthritis is to add an unwarranted 
burden to an already overburdened classification What the field of 
arthritis needs is narrowing rather than broadening. For the purpose 
of this chapter, then, arthritis will be considered as an affection of 
the joints in which there is no demonstrable infection present in them, 
though they are the site of pathologic changes. That is, it is the 
chronic nonsuppurative arthritis which is being considered in this 
chapter. This will include the classes usually called hypertrophic 
osteo-arthritis, and atrophic or rheumatoid arthritis. 

Indications for Surgery 

^Another point which I wsh to bring out clearly is that I am by no 
’ ’ urgery on all cases of arthritis, even in 

defined. I wish to make this as emphatic 
chronic arthritis which can be benefited 
Dy operative surgery, but they represent a relatively small proportion 
the total number. As a general rule operative surgery should not 
c considered while the condition is acute. Since arthritis during this 
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,tage is a genera! disease, ^4'meyci^^^ 

n the joints, all thorough trial before operatm 

ohysical therapy should be g , j , question boils dom 

measures are considered.^ a ^.e treatment of the sequelae 

to this; Surgery is arthritis itself. 

of arthritis than in the treatme^ “SpS indications tor prge^ » 

I would give, f^hen, as the two prmcip^^^^ he- 

arthritis; first, the relief P“ "'Jjl causing disability. These 
iormities resulting from arthnus certain extent, and m any 

two indications, of course wdl overiap to a c It quite 

individual case both may be present •" ^if.s ,vil! be more sub- 
Sgical to believe that a joint disadvantage m 

ject to pain simply because t >5 jit a me^^ perfectly adapted. 

meeting the strains Theielie! of pain, there is noft- 

With regard to the first indication, the rei F 5 „jgco„, 

tag that dlls for more delicate ftion oi ® j 

Much depends in this case on the P”®‘r“c],s„red by another per 
There is L standard by wh ch^m ^ reW “ 

son than the one enduring it. What one ^r another, thou^ » 
dating agony will be wo may be pathologically 

far as the physician can determine, tti 

“f^h^egard to the second "Srl^y nf 
deformity with resulting foint, for example, a Ue 

definiteness. It is obvious that » f f “^,4 as’one that is m noOTa 
fiexed 45°, « tmt as useful for 'vc'gb‘-b«' S ^j„ch will b 

position. Hence, if we can place this joint in v 
mechanicaliy better, we have benefited it. 


Relief of Pain ^ 

The operation most commonly “^^j°4n'’by which the bones 
arthritis is some form of ankylosing ^ It fe based on 

forming the offending joint are fuacd g • fyi pne — a po® 
theory that no joint at all is better ‘bf" (f Ping are quite 
view with which many patients who ® of particular val 

agree. The regions in which teipn operations are fourth, 

are, first, the sacro-iiiac; second, the spine, , 
the shoulder. 

ARTHROOFSIS OF SACRO-ILIAC JO ^ 

The sacro-iiiac joints are small but exceedingly Or'ho- 

atfected by arthritis. In a recent questionnaire oy i ,o„ back 

pedic Society with regard to the question of t the sacr 

pain, it was the almost unanimous opinion that ‘ wbj™ 

iliac joint was the most common cause. The Ireq^y bears 

arthritic changes are noted in x-rays ot the sacru 
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this out. It has been frequently noted that in such cases the pain 
has disappeared when the sacro-iliac joints have become completely 
fused by the pathologic process. This furnishes the rationale for fus- 
ing them by operative means — that is, it is a matter of assisting nature 
to do in a comparatively short time what she will eventually do her- 
self, thus shortening the patient’s period of disability. Numerous 
methods of fusing these joints have been devised by Smith-Peterson, 
Campbell, Gaenslen, Chandler, Verall, and others. 

Operation. — ^The operations are all of two types: one in which the 
joint itself is cleaned out and fused, and the other fn which the joint 
itself is not touched but is completely immobilized by building a 
bridge of bone across the joint, i.e., an extra-articular fusion. 

In the Smith-Peterson operation, which is one of the first type, a 
square of bone is cut from the ilium directly over the sacro-iliac joint, 
which is curetted out through the opening and the square of bone is 
replaced. Gaenslen reaches the joint by cutting through a portion 
of the posterior wing of the ilium, turning it back, and curetting out 
the joint. Campbell’s and Chandler’s operations are very similar and 
are of the second type. Both do an extra-articular fusion of the sacrum 
and ilium by stripping away the periosteum from a portion of the 
sacrum and ilium and then building a bridge of the bone chips 
removed from the ilium across the sacro-iliac joint, causing an extra- 
articular fusion with resulting immobilization of the joint. Verall places 
a graft from the tibia across the posterior portion of the sacrum and 
ilium. All these methods have the same object in view, that is, the 
prevention of motion in the sacro-iliac joint. In one type this is ob- 
tained by destruction of the joint with a resulting fusion; in the other 
type, by a fusion between the sacrum and the ilium. 

After-Treatment. — ^The primary object of the operation must be 
kept firmly in mind — that is, a bony union between two surfaces. In 
order to obtain this the involved bones must be held immobile until 
union has formed. It must also be remembered that it takes some- 
what longer to obtain a fusion where a joint has been removed than 
where a fracture has occurred in a bone. How this immobilization is 
to be accomplished is largely a matter of taste with the surgeon. In 
the first stage it will be obtained by rest in bed with the patient lying 
on the abdomen, at least for the first tw’o weeks. This stage of rest 
in bed will last from four to six weeks. Following this, sufficient 
immobilization can be obtained by a plaster cast. The sacro-iliac joint 
•s not an easy one to immobilize and so the plaster must be applied 
sWlIfully to be effective. This stage will last from six to eight weeks, 
nmen the fusion should be strong enough to allow the patient to be 
about with a well-fitting belt for support. 

Physical Therapy.— Again the primary object of the operation 
must be borne in mind. Any manipulation which would tend to move ’ 
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the affected joint is taboo, especially during the early stages. However, 
local heat is often agreeable and by causing local hyperemia it may 
hasten the process of consolidation, hlassage of the muscles of the 
thighs, legs, back, and arms is of benefit, in that it tends to keep these 
muscles in good condition and thereby shortens the period of con- 
valescence after the fusion is firm enough to permit weight-bearing 
while still supported. 

ARTHRODEStS OF SPINE 

The theory underlying the use of spinal fusion for arthritis is, of 
course, the same as with the sacro-iliac joint, that is, no joint is better 
than a painful one. The operation is especially applicable io osteo- 
arthritis of the spine, in which the process is fairly well limited to 
one region. The cases in which the radiograph shows large crescentic 
lipping extending from the border of one vertebral body to the adja- 
cent one are especially favorable. As to the technic of the operation, 
it is not necessary to go into the details since it has been described so 
many times in the literature of more recent years. It is sufficient ^ 
there are two main types of operations for spinal fusion, the Hibos 
and the Albee, In the Hibbs operation no extraneous bone is used, 
while in the Albee type operation a bone graft removed from another 
part of the body is applied to the spine to cause fusion. Each opera- 
tion has advantages and the choice must be made by each individual 
surgeon. Either type will give satisfactory results in the hands of a 
competent operator. 

After-Treatment.— After-treatment does not differ materially from 
that of sacro-iliac fusion, consisting of rest in bed, support by plaswr 
cast, and then braces. The spine is somewhat easier to immobilize oy 
plaster than is the sacro-iliac joint, and it seems that weight-bearing 
when the spine is well supported by a plaster cast which fits we 
tends to give earlier and more solid fusion. 


ARTHRODESIS OF HIP JOINT 

Fusion of the hip joint has not a wide range of application’- ^ 
hrmted to those cases in W’hich only one hip is affected and_ . 
.1?” L type of this case is that of osteo-arthritis in 

the head IS badly mushroomed and deformed by the 
process. There are two methods of obtaining a fusion of the Wp 
joint, the mtracapsular and the extracapsular. In the intracapsuiar 
method the hip joint is opened and the head exposed and denuded 
of cartilage. The cartilage of the acetabulum is also removed, thus 
bringing raw bone in contact with raw bone. The operation is not an 
e^y one, m fact, it is a very difficult one. Furthermore, while tne 
placing of raw bone against raw bone should theoretically produce 
union, It does not always do so, and the hip joint is notoriously a 
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Arthrodesis of Foot Joint 

hard one to fuse. However, Magnuson states that he has had several 
cases in which, although fusion was not obtained by this method, 
there was great relief from the pain. 

After-Treatment. — In obtaining fusion of the hip the after-treat- 
ment is governed by the same principles as those ^^hich apply to the 
spine. Immobilization should last for a period of three to four months, 
with weight-bearing while immobilized after four to six weeks. In 
obtaining immobilization of the hip a plaster cast is the most effective 
agent. The choice of position for ankylosing a hip Joint is very impor- 
tant. The position usually chosen is full extension of about 15® and 
neither internal nor external rotation. This position is undoubtedly 
the best for walking or standing but is not so convenient for sitting. 
In order to sit comfortably \vith a stiff hip in the fully extended posi- 
tion, the patient must develop compensatory motion of the lumbar 
spine. Therefore, before recommending a fusion for an arthritic hip, 
it is important to assure one’s self that there is no arthritis in the 
lumbar spine. No form of traction should be used after an operation 
to secure fusion of the hip. This is obvious, since in order to secure 
fusion the bony surfaces must be forced together, whereas traction 
draws them apart. It should be borne in mind that after a successful 
fusion operation, the muscles which ordinarily act on the joint tend 
to atrop% rapidly, since the fusion has robbed them of their function. 
This is the converse of the operation in infantile paralysis where the 
fusion is done to stabilize a joint which cannot function properly on 
account of a loss of power in its muscles. Massage will tend to delay 
this muscular atrophy but will not prevent it, since it is a result of a 
loss of function. However, in the three joints discussed, the sacro- 
iliac, spine, and hips, the atrophy of the muscles is not of the conse- 
quence that it is in other regions of the body. 

ARTHRODESIS OP SUBASTRAGALAR, ASTRACALOSCAPHOIP, AND 
CALCANEOCUBOID JOINT 

Another joint in which arthrodesis may be considered as a treatment 
[or arthritis is the subastragalar, astra^loscaphoid, and calcaneocu- 
boid joints considered together. The special indication for fusion in 
this region is that type of arthritis not infrequently seen following a 
fracture of the os calcis. The arthritis of the subastragalar joint causes 
persistent pain and disability. Subastra^lar arthrodesis similar to that 
for stabilization of a paralytic foot gives excellent results in these 
cases. The technic consists in clearing out the tissues from the sinus 
tarsi to give access to the astragaloscaphoid, calcaneoscaphoid, and 
calcaneocuboid joints. The cartilage and a portion of the bone are 
then removed from each of these joints It is possible by a little care 
to remodel the bones so that the weight-bearing can be much im- 
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popliteal space from the side. This gives rather free access to the 
posterior portion of the capsule wthout great danger to the popliteal 
vessels and nerves. The capsule is then either divided or stripped from 
its attachment to the posterior surface of the femur. 

After-Treatment. — In the after-care of these cases it is very im- 
portant to remember that if the contracture is of long standing, not 
only are the tendons and capsule contracted, but also, to some extent 
at least, the large nerves and the popliteal vessels are tight. To attempt 
to stretch them violently may result in disaster — either shutting off 
the circulation of the leg or tearing the popliteal nerve trunks. There- 
fore, it is better to use some apparatus for gradual stretching. The 
simplest is a circular plaster cast applied from the groin to the ankle, 
wth the knee in flexion. Before it hardens completely a circular cut 
is made behind the knee, leaving about two inches of plaster intact 
over the patella to act as a hinge. Then in two or three days this is 
opened by extending the knee and placing thin strips of wood in the 
cut to hold it open. These are added to each day and the extension is 
thereby increased until the full amount Is obtained. Other more elab- 
orate devices have been invented, but this method is the simplest and 
is effective. After the full amount of extension has been obtained, 
the knee should be retained in that position for about six weeks longer 
in order to prevent contractures from recurring. 

Physical Therapy. — The next step is beginning to secure motion 
by passive movement, massage, and heat. These are great aids at this 
stage. The passive movements must be gently and slowly done, going 
to the point where the movement begins to be checked, then very 
gently a little beyond that and holding the stretch obtained for a few 
seconds. These movements occupy but a very small portion of the day 
and it is to be remembered that contractions may recur during the 
rest of the day. Some form of removable splint to retain the position 
should be worn continuously. The stretching and massage should be 
kept up for several weeks, until the motion present is smooth and 
entirely painless, though probably not the normal range of the joint. 
Then function should be very gently begun. First should be supported 
'veight-bearing, then walking mth the aid of crutches. The natural 
function of the joint is the greatest aid to improvement from this 
point. This is a very tedious process and by no means all patients will 
show improvement commensurate with the time and difficulty in- 
volved, but some uill be benefited enough to be freed from a wheel- 
chair existence, which is no bed of roses. 

REMOVAL or EXOSTOSES 

Another operative measure for the relief of deformity that may be 
necessary is removal of exostoses resulting from arthritis. This of 
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After-Treatment. — Following the operation the bones are retained 
in dose apposition by plaster, and early weight-bearing— that is, as 
soon as it can comfortably be done— is encouraged while the foot is 
supported by the cast. From 8 to la weeks usually suffice to give a 
firm ankylosis. Following this, massage with passive .™’ 

tions should quickly restore function to the ankle joint. f , 

lation around the ankle joint should be limited to dOTs>S™on and 
plantar flexion. The reason is that these motioris arc a function of the 
tibio-astragalar joint whereas lateral motion takes 
joints we are attempting to ankylose- Hence, no attempt 
made to secure lateral motions by manipulations. 

Relief of Deformities 

The relief of pain is usually the prime interwt of 
tient in consulting a medical man. Next ^ „,™erv is not 

deformities. Oftentimes the two are associated. be 

to be indiscriminately advised, and the degree . and pos* 

promised should be accurately weighed against the y 
sible danger that must be gone through in even 

(but not so often as one could wish) nnsition. 

in apparently hopeless cases to mitigate the difficulty ^voung 
A case at Cook County Hospital comes to ^ „\wtr?riden for 
woman with the rheumatoid type of arthritis had been hilateral 
years with practically every joint of her body stiffened. A ^ 
arthroplasty of the jaw which turned out successful y 8 
change from a continuous liquid diet to real ® not 

gave her at least one new interest in life, even thoug 
change the condition of her other joints. 

FLEXION deformity: of knees 

Flexion deformity of the knees is one of the 
resulting from arthritis which may require surgical the knees 

is particularly true in cases of the rheumatoid type. jjften 

are flexed to a right angle or less, certain difficulties arise 
render open operation necessary. In these cases the kne 
flexed to a right angle and there may be a few degrees o 
the joint to either side of this angle. The examination 8' 
pression that the contractures are in the hamstring ten • 
often are contracted, but usually the posterior ‘^^l,amstnng 

joint is also involved, so that a simple tenotomy of tne 
tendons fails to give the relief desired. The posterior caps .. 
knee should be divided as well. This is accomplished most 
an incision on the outer side of the femur, just back oJ m 
portion of the iliotibial band. The posterior leaf of this ^bc 

followed to the lover end of the femur and entrance made i 
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fixed, -walking with the cast should be begun. WTien this can be easily 
done, a removable abduction splint may be substituted for the cast, 
massage and active and passive motion without weight-bearing may 
be begun, and the support may be gradually left off. This operation 
means a shorter period of disability than is necessary following an 
arthrodesis. 

As mentioned previously, another field of usefulness for this tj^e 
of operation is in the metacarpophalangeal joints. The type of arthritis 
in which it is particularly applicable is the atrophic or rheumatoid 
rather than the hypertrophic. The operation is, in effect, a type of 
arthroplasty. The distal end of the metacarpal bones is removed and 
the end of the shah remaining is rounded off. Since this is an opera* 
tion intended to increase the range of motion as well as to relieve 
deformity, the bony surfaces should be kept well apart during the 
after-care. This is best accomplished by the use of a banjo splint with 
elastic traction furnished by rubber bands to each finger. As soon as 
healing is well under way, that is, in from lo to 14 days, gentle passive 
movement should be begun to be followed by active motion as soon 
as possible. not engaged in motion, the finger should be kept 
in traction. It has been my pleasure to see cases done by Dr. Leven- 
thal at Cook County Hospital in which there was excellent, painless 
motion of the fingers following this operation. The restoration of use- 
ful motion to the fingers would be quite a boon even though other 
joints were so badly affected that nothing could be done for them. 

SWOVECTOMV 

Synovectomy or the removal of the synovial lining of the arthritic 
joint is an operation of value in occasional cases. It is useful in those 
cases in which the pathologic changes are confined to the synovial 
membrane and the bone and cartilage do not as j'et show’ pathologic 
changes. These cases are characterized by a thickened boggy condition 
of the joint capsule. This must be distinguished carefully from an 
effusion into the joint. The basis on which synovectomy seems to give 
relief is apparently twofold In the first place, an irritated sore portion 
of the joint is removed which is of direct benefit. In the second place, 
joints of this type, namely, those with thickened, boggy, synovial 
membrane, may be themselves foci of infection almost as much as in- 
fected tonsils. Hence, the removal of a mass of low-grade infected 
tissue may give considerable general relief. This operation was first 
advocated by Volkmann for tuberculosis of the knee. The knee is by 
tar the most available joint for the operation of synovectomy. The 
joint is opened from the inner side of the patella and the synovial 
jjiembrane dissected aw’ay, leaving the joint capsule intact. It should 
ne removed completely from the suprapatellar pouch and the internal 
and external walls of the joint. The membrane in the posterior pouch 
wiii be left. 
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course, is particularly true of the hypertrophic type, since it is this 
form which produces exostoses. Many of these exostoses are in situa- 
tions where they do little or no harm, but occasionally they may 
definitely limit the motion of a joint. If they are in a situation where 
there is weight-bearing or pressure, they may cause pain. An exostosis 
on the inner side of the head of the first metatarsal bone is a rather 
common example of the latter. If it is large enough to pinch the soft 
tissues between it and the head of the second metatarsal^ when shoes 
are worn, a great deal of pain is produced. Another similar example 
is the subcalcaneal spur, which is not necessarily the result of gonor- 
rhea but often occurs in other types of arthritis. Removal of these 
spurs does not entail any great technical difficulty and does give much 
relief. It must be borne in mind that it has no effect whatever on the 
pathologic process in the joint itself. It is also wise to tell the patient 
that the exostoses may recur, for such recurrences are not uncommon. 
As to the physical therapy employed afterward, contrast baths ana 
massage begun as soon as the skin incision is thoroughly 
proved most efficacious. Carefully graduated early use is indicated, nut 
it must be well controlled. 

REMOVAL OF EKDS OF BONES 

In the class of operations for the relief of deformity^ may he 
eluded the removal of the ends of the offending bones. This has 
limited range of usefulness, being practically limited to the hip > 
where only one is involved, and to the metacarpophalangeal joints. 
In the hip this operation may be regarded as an alternative to 
arthrodesis of the hip previously described. Its advant^e over in 
arthrodesis is that a movable hip joint results, which is more ^ * 
venient for sitting but not quite so good for standing or waifcm^ 
If the head and neck of the femur are removed, leaving what my 
be described as a “broomstick" femur, there is sure to be a very 
marked limp resembling that of a unilateral congenital dislocation o 
the hip. The limp is produced in the same way, that is, there is »a 
ing the solid point of counterpressure furnished by the head o 
femur against the root of the acetabulum. The limp may be dimin- 
ished by using the \Vhitman reconstruction operation, as done lo 
ununited fracture of the femoral neck. In this operation the heaa « 
the femur is removed and the greater trochanter cut off at its nase. 
The femur is then abducted sharply and the stump of the neck place 
in the acetabular cavity. The amputated trochanter will thus be d’? 
downward along the shaft of the femur below its original 
where it is fastened to the shaft. A plaster cast must be ‘ 

hold the femur abducted until the trochanter has united m us ne' 
position. The trochanter’s being displaced gives the leverage by wnw 
the muscles attached to it act to fix the pelvis during walking. 
about six weeks, when the transplanted trochanter should be nrmiy 
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six weeks to three months. Personally I much prefer to reduce the 
deformity in this type of joint by gradual reduction by the wedging 
plaster mentioned previously. 

There is another type of joint w'hich gives much better results by 
manipulative methods. This is the type of joint in which the arthritis 
is of moderate grade with not much deformity, a little capsular thick- 
ening but no effusion in the joint. In fact, the joint gives the impres- 
sion of a “dry” joint. Motion is often limited and is painful. The 
x-ray frequently shows very little change from normal. It is the 
type often called traumatic arthritis, from its frequent association 
with trauma. A typical example is the painful shoulder joint often 
appearing after a fall in which the weight comes on the outstretched 
hand. In this type of arthritis manipulation under an anesthetic often 
gives surprising increase in function. In manipulating these joints 
much care must be taken. The joint should be put through its full 
range of motion gently and only once. Frequently a grating or snap- 
ping will be felt which has given rise to the idea that adhesions are 
being broken, though it is very unlikely that there are actually ad- 
hesions between the two surfaces of the joint. 

After-Treatment, — We must remember that with this type of joint 
we are not usually aiming so much at the correction of deformity as 
at an increase of function. For this reason the after-treatment will be 
totally different. The shoulder joint should be supported in an im- 
proved positionj preferably by a splint. Each day the joint should 
be put through its range of motion. 

^ Physical Therapy. — I have spoken of this type of joint as a “dry” 
joint. The physical therapy should be directed towards stimulating the 
flow of blood to the joint to aid in overcoming this dry condition. 
Heat is the most effective way of producing this. Personally I prefer 
wet heat, though the dry heat is more easily applied. In applying wet 
heat the dressings must be voluminous- The wet application should be 
covered with rubber sheeting and the hot-water bag should be applied 
over this to keep the dressing hot. The use of an ordinary electric 
pad with hot wet dressings is unsafe, though there are now electric 
pads specially devised for this use. The skin should be guarded against 
niaceration, and hot dry cloths should be applied after the removal of 
the wet dressing to prevent chilling of the part. Massage is useful in 
mese cases. Again the object of the treatment should be kept in mind. 

Indicates stimulating massage rather than sedative. The massage 
should be deep in order effectively to increase the flow of fluid to 
the joint. But the most important part of the physical therapy is the 
active motion of the affected joint. Nothing stimulates a dry joint 
so well as its natural function. This must be carefully guarded in the 
but should be kept up to the limit of tolerance. It is with 

IS type of “dry” joint that the so-called bonesetters have their re- 
markable results. 
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After-Treatment. — After the operation no immobilization other 
than that supplied by the usual dressing should be used, since it is 
desired -to obtain motion. The quicker motion can be obtained, the 
better. Hence, gentle active and passive motion should be begun as 
early as two or three days after the operation, but it must be gently 
done. Heat applied to the joint hastens absorption of exudate following 
the operation. Function of the joint should be resumed as soon as 
possible, though time will vary with individual cases. Key has found 
that after the removal of the normal synovial membrane from a rabbit 
joint it is reproduced in about 6o days. This, of course, was the 
case with the normal membrane, which may act differently from the 
diseased, but at any rate it is possible for the synovial membrane to be 
reproduced intact.^-- 

Manipulative Surgery 


Another type of surgery sometimes used in cases of arthritis is 
manipulative surgery. This has a field of usefulness but it has also 
its dangers. As a matter of fact, in genuine arthritis, particularly 
of the atrophic type, it has almost no field. In this type of arthritis 
the deformities ate caused by contraction (associated with thicken- 
ing) of the joint capsule and to a certain extent of the tendons and 
muscles about the joint. There is also associated with this a marked 
thinning of the bones shown by a loss of their mineral content. If, 
then, we undertake to manipulate such a joint under an anesthetic, 
we are confronted with several dangers. One is the danger of pro- 
ducing a fracture, either a transverse fracture of one of the bones 
forming the joint, or a crushing fracture of the joint surfaces of the 
bones. Atrophied bone crushes with very slight pressure almost as 
easily as ordinary pasteboard, and will often do so more easily than 
the contracted capsule or tendons >vill stretch. Another dangf^ is 
injury to blood vessels or nerves. For instance, if a knee has been 
flexed for years to a right angle or less, the arteries and nerves are 
likely^ to have undergone adapted shortening, and violent stretching 
will either rupture them or narrow the lumen so as to interfere sen 
ously with the blood supply. For these reasons in a joint of 
the temptation to try forcible correction under an anesthetic snoui 
be resisted. If it is done, it must be done gently. The force must be 
applied gradually so as to permit slow stretching of the contracte 
tissues, and excessive force must not be used. To define^ excessive 
force in terms of pounds is quite impossible. Furthermore, it 
remembered that all bones and joints are types of levers, and tn 
force that one applies to a bone may be multiplied many times by me 
lever action Each joint must be a law unto itself. In attempting to 
reduce the deformity of a stiff joint by manipulation it is to be r^ 
niembered that the deformity is extremely prone to recur. Hence 
should be placed in a plaster cast and held in the corrected position 
until there is no tendency to relapse. This will be a long time, from 
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six weeks to three months. Personally I much prefer to reduce the 
deformity in this type of joint by gradual reduction by the wedging 
plaster mentioned previously. 

There is another type of joint which gives much better results by 
manipulative methods. This is the type of joint in which the arthritis 
is of moderate grade with not much deformity, a little capsular thick- 
ening but no effusion in the joint. In fact, the joint gives the impres- 
sion of a “dry” joint. Motion is often limited and is painful. The 
x-ray frequently shows very little change from normal. It is the 
type often called traumatic arthritis, from its frequent association 
\wth trauma. A typical example is the painful shoulder joint often 
appearing after a fall in which the weight comes on the outstretched 
hand. In this type of arthritis manipulation under an anesthetic often 
gives surprising increase in function. In manipulating these joints 
much care must be taken. The joint should be put through its full 
range of motion gently and only once. Frequently a grating or snap- 
ping will be felt which has given rise to the idea that adhesions are 
being broken, though it is very unlikely that there are actually ad- 
hesions between the two surfaces of the joint. 

After-Treatment — We must remember that with this type of joint 
we are not usually aiming so much at the correction of deformity as 
at an increase of function. For this reason the after-treatment will be 
totally different. The shoulder joint should be supported in an im- 
proved position, preferably by a splint. Each day the joint should 
be put through its range of motion. 

Physical Therapy. — I have spoken of this type of joint as a “dry” 
joint. The physical therapy should be directed towards stimulating the 
flow of blood to the joint to aid in overcoming this dry condition. 
Heat is the most effective way of producing this. Personally I prefer 
wet heat, though the dry heat is more easily applied In applying wet 
heat the dressings must be voluminous. The wet application should be 
covered with rubber sheeting and the hot-^^-ater bag should be applied 
over this to keep the dressing hot. The use of an ordinary electric 
pad with hot wet dressings is unsafe, though there are now electric 
pads specially devised for this use. The skin should be guarded against 
maceration, and hot dry cloths should be applied after the removal of 
the wet dressing to prevent chilling of the part. Massage is useful in 
^se cases. Again the object of the treatment should be kept in mind, 
^is indicates stimulating massage rather than sedative. The massage 
should be deep in order effectively to increase the flow of fluid to 
the joint. But the most important part of the physical therapy is the 
active motion of the affected joint. Nothing stimulates a dry joint 
so well as its natural function. This must be carefully guarded in the 
oeginning but should be kept up to the limit of tolerance. It is with 
joint that the so-called bonesetters have their re- 
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Ph3raical Therapy in Surgpcal Arthritis 


Preventive Surgery 

There is still another resource which is available in the surreal 
treatment of arthritis. It lies somewhere between active surgery and 
physical therapy. It may be called preventive surgery. I have said 
previously that active surgery is rarely, if ever, indicated in the active 
stage of arthritis. Vet it is in precisely that stage that most can be 
done to prevent the troublesome deformities which may later require 
active surgical intervention. 


Iminobilization. — ^During the acute stage of an arthritis the af- 
fected joints are very sore so that the least motion causes pain. Dur- 
ing this stage of soreness immobilization gives most grateful relief 
and can be made to subserve the purpose of preventing deformities. 
Immobilization may be accomplished in various ways, all of which 
have the same object in view. 


Casts. — ^T he first is by circular casts. A cast applied to immobilize 
the affected joints should extend far enough above and below the joint 
to render immobilization complete. For example, a cast applied to the 
knee and extending only five or six inches above and below it is s 
very ineffective method of immobilization and will not give the de- 
sired relief. It should extend at least from the groin to the pWe 
and it is better for it to include the foot. Similarly, if the elbow is the 
joint affected, the cast must extend at least from the shoulder to the 
■wist. If it is the hip or the shoulder, the cast must include practically 
the entire trunk. The joint to be immobilized should be placed in the 
position which will produce the least inconvenience if it should 
stiff either permanently or temporarily. These positions are as follows 
for various joints: first, for the shoulder, abduction should be to nearly 
90 with the humerus at an angle of about 45® to the lateral pla^ 
of the trunk. Second, for the elbow, there should be 9o'‘ or a hh ® 
less for the right and a little more than go® for the left if the pahen' 
IS right-handed. Third, the wrist should be dorsiflexed about 40 * 
V® position allows the fingers to flex easily. Fourth, tne “ip 
should be placed in the lateral plane of the body and abducted abou 
r?- ' ^1? regard to the hip, this position is open to some argumen • 

it IS the best for walking or standing but it is inconvenient for siting' 
A of flexion, 15® or 20®, make sitting much more com- 

fortable and do not interfere much with walking. It is to be remcm- 
bered also that the types of arthritis being considered very rarely re- 
ylt ‘n bony ankylosis, so that some motion wll frequency oe 

Jater, which is useful if it is painless. Fifth, the knee 

should be immobilized in a slrai^t line but never hyperextended. In 


. ----..V. ... a oi.inigui line DUl never nyptiv-Avv,- 

order to prevent ths the Hmb should be supported both at the auWe 
1 the knee while the cast is being applied. Sixth, the ankle should 


and t 


be immobilired at a right’ auglTrl thT tibia^^h the foot neither 
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pronated nor supinated. Inasmuch as arthritis only occasionally 
affects a single joint, various combinations will have to be worked 
out with the above principles in mind. The disadvantage of a circular 
cast for immobilization in acute arthritis is that it precludes the use 
of any of the other therapeutic agents, such as heat, etc. This may 
be avoided by splitting the cast on each side while it is still wet. The 
anterior half can then be removed for inspection of the joint or 
application of heat, and replaced after that treatment is finished. In 
this way both the benefits of the immobilization in the prevention 
of deformity and the physical therapy can be combined. It ought 
to be remembered that the actual therapy takes a comparatively short 
time each day and that much of its effect can be lost during the re- 
mainder of the 24 hours. 

Traction. — ^Another form of immobilization that is useful is trac- 
tion. During the acute stage of arthritis there is much spasm brought 
about by friction of the sore joint surfaces on each other. This muscle 
spasm is apparently nature’s effort to immobilize the sore joint. Trac- 
tion acts by drawing these sore surfaces apart and so reducing the 
friction in the joint. It has this advantage over the simple immobiliza- 
tion by casts or splints. The use of traction by adhesive plaster is so 
well known that it is not necessary to describe the method. However, 
there is one detail which is overlooked at limes and which greatly 
diminishes the effectiveness of the method. That is that the adhesive 
should never be applied beyond a point four or five inches below the 
joint on which traction is being made. If It is placed higher than that, 
the traction is exerted mainly on the skin above the joint \vith little 
benefit except from the immobilization of the joint. Of course, in the 
discussion of prevention of deformities by immobilization by casts or 
traction it must be understood that this applies to those in the acute 
stages who are still bed patients. 

Conclusion 

In closing the chapter I ^vish to reiterate most emphatically that 
operative surgery is not advocated for every case of arthritis, no 
matter what the type or whose classification may be followed. Surgery 
in arthritis wiW always occupy a distinctly back seat (although “al- 
ways” is an extremely dangerous word in medical science). Never- 
theless many arthritic patients have been distinctly benefited by well- 
judged surgery. There is no field of surgery which calls for finer 
^ci^ent, not alone of the physical condition, but of human nature, 
hach case must be carefully individualized, not only with regard to 
the patient’s specific condition, but as to his general condition and his 
mental reactions as well. He must be wiling and able to put much 
eiiort into his own after-treatment. All the other resources of medicine 
and physical therapy should be thoroughly tried before considering 
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CHAPTER FIFTEEN 


PHYSICAL THERAPY IN THE TREATJIENT OF BRAIN A 
SPINAL CORD LESIONS 
Loyal Davis, M.D., and John Martin, M.D. 

The iTealmenl ot lesions ol ihe brain and spinal cord sb< 
directed toward the restoration of the patient to a normal life o 
and economic independence- The physician frequently makes tl 
of looking with an attitude of hopelessness upon the disabilitie; 
result from injury or disease of the central nervous system. Th 
of this fatalistic outlook may be a life of invalidism for the ; 
with physical and financial dependence upon his relatives o 
munity. There is no doubt but that many of the crippling deft 
and contractures which commonly result from cerebral and spir 
involvement could be partially or wholly avoided by a well-t 
regime of physical therapy. 

Cerebral Lesions 

The paralysis which results from disease or trauma of the ce 
is always spastic in character. Quite commonly the paralysis 
first be flaccid, with the absence of all the deep tendon refles 
eventually an increase of tone develops in the muscles of the s 
extremities, and this change is accompanied by other signs and 
toms of an upper motor neuron lesion. Briefly these are: in 
deep tendon reflexes; absent superficial reflexes; the presence c 
ologic reflexes (such as the Babinski, Oppenheim, Gordon and 
dock signs); absence of muscle atrophy; and absence of the i 
of degeneration. The motor loss which occurs as the result of 
bral lesion is in most instances hemiplegic in nature, although 
monoplegias and diplegias also occur. In the hemiplegic type t 
IS commonly much more affected than the leg, while the face is 
in various degrees in different cases. 

The most common lesions which produce cerebral spastic p; 
are: (i) cerebral vascular accidents (hemorrhage, thrombosis, 
hsm • •-* ‘ ’ 'ms (tumors, absc 

' • (4) traumatic le: 

, ' , . ■ , the brain or its m 

(menintnfis: pnrArvK'>1^t<e^ 
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sidious in their development. If death does not occur during the first 
three weeks following a cerebral hemorrhage, improvement in me 
paralysis uniformly appears and may be progressive for many montns. 
Most frequently the leg will show the first signs of improvement and 
this is followed by the face, while the arm, being the most severe^ 
involved, is the last to show a return of function. At first the renexK 
are absent or greatly depressed and the muscles ® ^ 

limp and flaccid. Gradually the reflexes increase and 
exaggerated. Rigidity and stiffness appear m the paretic _ 

and foreshadow the contractures which_ will later develop 
tractures are always much more severe in the upper extrem ty 
the lower. The flexor muscles predominate over the 
arm, so that the fingers become drawn inm the palm of t ■ 
wrist is strongly flexed, the forearm is fixed m pronation, a . • 

is semiflexed With all the joints thus flexed, the “ 
held close to the side of the chest. If the fingers, ^ j 
forcibly extended by the examiner and then > .-Lrj jn 

back into their former position. If allowed to remain u , ® 
these attitudes, the joints become ankylosed, muscles and . 
come rigid and contracted, and deformities result whic P 
come irreparable. Passive manipulation of such an extre y i , 
painful to the patient. In the lower extremity rigidity of . ... 
develops in the position of extension. The knee is ®. .yafus. 

there is a tendency for the foot to assume a position oi ^ . ._g 

Thus the distal segments of both the upper and lower . 
affected to a greater degree. In the presence of -(.wic and 

the limbs are moved as a whole by the muscles m the p 
shoulder girdles, with little or no motion of the individu 1 , , 

the extremities. In walking the weight is carried upon tn ewune 
and by the trunk and pelvic muscles the paralyzed Y i qJ the 

forward, the toe dragging in an arc-like course around the 
unaffected foot. This is the typical “circumduction’ gait 0 
plegic patient. . i. d in the 

Evidence of circulatory disturbance may be quite mar 
paralyzed arm or leg. At first the limb appears red and cyan ' 
spiration may be profuse; the skin may become soggy and ma 
Growth changes may appear early in the hair, nails and ski • _ 

tually the skin temperature of the affected extremities is *^H.. , 
than that of the unaffected side, so that the weakened extremi 
actually feel cadaveric to the touch. While trophic changes m tn 
stages of a hemiplegia are not common, an acute decubitus 
develop any place on the affected side, especially as the result f 
longed pressure, and ulceration in the palm may occur uo 
severe pressure of the nails of the rigidly flexed fingers.^ »V ^ 
muscles atrophy it is because of disuse. Electrical examination ® 
normal reaction of the muscles and peripheral nerves to the la 
and galvanic currents. _ heroine 

The paralyzed hand may suddenly open or the spastic leg oc 
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flexed, quite independently of any voluntary effort. Following such 
instinctive actions as yawning, sneezing or stretching, the entire upper 
extremity may be raised over the bead. Or, if the patient attempts to 
close and open the sound hand, similar abortive movements may occur 
on the paralyzed side. These associated movements and certain athe- 
toid phenomena must be evaluated properly to avoid the false assump- 
tion that they signalize the return of voluntary movement in the para- 
lyzed limbs. 


SpACE-Occupv^NG Lesions. — ^The paralyses which develop as the 
result of intracranial tumors or chronic abscesses are also of the upper 
motor neuron type. However, if they are small enough, or well enough 
localized to one small functional area of the cerebral corte.x, they may 
involve only one extremity upon a side. Moreover, the development of 
the paralysis is more gradual, and quite frequently the patient is able 
to trace the successive involvement of the face, arm and leg. In contra- 
distinction to the hemiplegia caused by vascular accidents, the in- 
NXilved extremities rarely exhibit the initial stage of flaccldity because 
the onset of the paralysis Is usually less acute. However, in the pres- 
ence of a tumor or an abscess the muscles are ordinarily spastic and 
rigid from the beginning. An e.xceplion to this may be made in the 
uncommon event that a sudden hemorrhage occurs within a tumor 
mass. The resultant massive insult to the cerebrum may then be so 
great that a flaccid hemiplegia or monoplegia results, later becoming 
spastic. Commlsive seizures in the involved extremities (of localizing 
value), or repeated tonic spasms, are common irritative phenomena 
which accompany intracranial space-occupying lesions. In all other 
respects the paralyzed extremities exhibit the same characteristic 
symptoms that have been described in the more acute hemiplegic state. 

The surgeon w’ho successfully removes an intracranial tumor which 
has produced a hemiplegia has only partially fulfilled his obligation to 
the patient. Every possible means should be exhausted in the attempt 
to restore the use of the arm and leg by the many possibilities of 
phj-sical therapy. 


CEREnpAL Palsies of Childhood. — Spastic diplegia (also called 
Little’s disease) is the most common form of congenital cerebral paral- 
ysis,^ although hemiplegias and monoplegias also occur. In the hemi- 
plegic or quadriplegic tj-pes the arms are commonly affected more 
severely than the legs. Jlore frequently than not such a condition is 
associated with a mental defect or with epilepsy. The severe forms are 
obvious at birth, but milder cases may not show definite symptoms 
before the age of six or seven months. Grossly the brain is usually 
small, and there is sclerosis and cortical atrophy on one or both sides 
in Collier’s words, it is a “small, primitive type of brain, destitute of 
neurones.” ^ 


In some children suffering from this condition the rigidity and soas- 
ticity are so great that the cjtremities present a lead-pipe resistance to 
pass, ye movements of any sort. The spasticity in the lower “trem“i'° 
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tends to flex the hips and knees, and to adduct the thighs until the 
knees are held so close together that it is difficult to bathe and dress 
the patient. If the child is placed in a chair, the rigid lower limbs 
remain unsupported in a horizontal position. When the patient is 
placed upon his feet, the legs cross, the heels fail to touch the floor, 
and walking is impossible. As the child grows older there is a tendency 
for the development of an equinovalgus or equinovarus as well as a genu 
valgum. Some patients manage to keep the feet widely separated so that 
a shuffling gait, with toes scraping along the floor, is accomplished. In 
the milder forms of the disease the patients exhibit only slight spas- 
ticity of the legs, so that there is only a tendency to walk on the toes. 

Many such children develop involuntary athetoid or choreoid move- 
ments in the hand, usually from nine months to two years after the 
onset of symptoms. Such movements become very complex and may 
be intensified and accompanied by involuntary grimacing upon volun- 
tary attempts to move the limb. When the patient tries to 
object, the fingers are hyperextended and widely separated. The han 
approaches the object in a clumsy, slow, awkward, and poorly con- 
trolled manner. These movements may even become so serpentine tna 
the patient’s arm winds about his neck or back. In the ° 

cases these vigorous involuntary movements appear only when stim- 
ulated by voluntary effort or by some emotional disturbance, ana 
though they are purposeless they are useful in keeping the musses in 
good state of nutrition. Associated movements which occur when t 
paralyzed extremity attempts to follow the healthy limb are mo 
marked and bizarre in these cases than in the hemiplegias which h 
been described previously. ^ . v flc 

Contractures in the extremities develop rapidly, just as in the 
paralysis due to vascular lesions, so that grotesque attitudes may 
result. The low mentality of the patients, and such complicating tac 
as blindness and epilepsy seriously influence the treatment, since e 
apy must be directed toward the mental state by special 
such a time as the brain can be assumed to have attained its full ana 
definitive development. 

Trauma. — The commonest forms of trauma to the 
gunshot wounds and depressed or comminuted fractures of fh® ® ' 

The former constitutes a common lesion in time of war, whi e 
latter is frequent in civilian life following automobile accidents, au" 
injuries, involving the motor cortex, cause a spastic paralysis that is 
usually hemiplegic or monoplegic in form, and indeed the injury may 
be so discrete in the brain as to cause quite an isolated paralysis 
some part of the body. Recovery from -the initial cerebral damage m 
this group of cases offers a good opportunity for the active treatmem 
of these patients by physical therapeutic means. Here, again, the para^ 
ysis is of the .ipper motor neuron type, with spasticity of the involveo 
extremities and increased deep tendon reflexes similar to those seen m 
the lesions previously described. Failure to institute adequate treai- 
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ment results in the development of contractures and ankylosed joints 
which deform the extremity beyond hope of returning the individual 
to a useful position in life. Other injuries occurring at the same time 
as the cerebral trauma may require prolonged hospitalization, such as 
a fracture, or an osteomyelitis from a badly soiled compounded frac- 
ture, and contractures may even develop while such complications are 
being taken care of if physical therapy is not instituted at the proper 
time in the handling of the paretic extremities. 

The disabilities arising from these lesions are due to direct injury 
of the brain or occur as the result of subsequent infection. Early and 
thorough surgical treatment of these wounds with adequate debride- 
ment and primary closure affords the best method of securing rapid 
healing wth a minimum of eventual motor loss. Of recent years the 
derivatives of sulfanilamide have been of great aid in controlling the 
infections which tend to develop in such wounds. The residual loss of 
function in traumatic lesions of the brain depends, of course, upon 
the exact site of the injury. It is not uncommon to observe complete 
paralysis of the upper and lower extremities as the result of an injury 
to the frontal or occipital lobes some distance from the motor cortex. 
One patient, J.A., was struck by an automobile and sustained a com- 
minuted skull fracture over the posterior parietal area, and when the 
wound was surgically cared for 35 or 40 grams of cerebral tissue, 
macerated and mixed with hair and street dirt, were removed from the 
wound, along with fragments of bone. The cortical injury was well 
posterior to the sensory area of the right cerebral hemisphere, yet the 
man suffered a paresis of the left side of the face and left upper ex- 
tremity with only slight loss of position sense in that limb. He later 
developed typical jacksonian seizures Involving the left side of the 
face and the left arm. In such instances, however, unless there has 
been actual injury to the precentral area of the cortex, one may expect 
with some confidence to see a gradual disappearance of the paralytic 
symptoms. Immediate and severe paralysis, which is more commonly 
hemiplegic in character, results from direct injury to the motor cortex. 
At first this paralysis is flaccid with abolition of all reflexes. Soon, 
however, there is an increase of tone such as has already been de- 
scribed in the hemiplegic state. The deep tendon reflexes become in- 
creased, well-marked spasticity develops, and, if active treatment is 
not instituted, contractures and malposlures appear. 

Inflammatory Lesions. — ^\Vhen either an acute or low grade in- 
flammatory process becomes established in the meninges and subarach- 
noidal spaces of the brain there may result a spastic paralysis which 
differs in no way from that described following other cerebral lesions. 
While immediate recovery from meningitis is now less problematical 
than it formerly was, due to the use of sulfanilamide and its deriva- 
tives, it is not at alNuncommon to see paralytic sequelae follow recov- 
ery This is also true of encephalitis. The paralytic complications of 
both of these inflammatory lesions are more common in children than 
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they are in adults. They are both accompanied frequently by convul- 
sive seizures which are commonly Jacksonian in type. These latter may 
be so frequent that a true status epilepticus develops. It is interesting 
to note that in these cases the cortical tissue may become very sclerotic, 
hard and firm, so that a ventricular needle is introduced ivith some 
difficulty and with the sensation of passing it through hard, sandy soil. 

Clinically, the children who have suffered from encephalitis and 
then develop spastic paralysis are much like those children who have 
had spastic palsy from birth. While the paralysis in the latter instant 
is more commonly due to hemorrhages (frequently of a wdespread, 
interstitial type) which occur during birth, the^ former paralysis may 
develop as the result of an infection at any time. In contrast a so, 
their mentalities may be quite normal. The spasticity of their 
ties and the deforming contractures of their hands and feet are simi a 
in all respects. 


TREATMENT OF LESIONS RESULTING IN MOTOR PYSFUNCTION 


The widespread feeling that recovery from the paralysis of a 
bral lesion was impossible has been responsible, to a great exte , 
the lack of concerted effort toward the continued treatment o 
patients. In 1915 Franz, Scbeetz and Wilson" called attention 
fact that the conclusions regarding tlie permanency of ije^ 

cerebral accidents were neither accurate nor based . j t,g 

principles. They pointed out the striking improvement which co 
effected by careful and persistent attention to this group of cas . 

In general, the treatment of the paralysis resulting from 
lesions may be divided into that which is used immediately 
which may be employed later in the course of the lesions. 

There is little doubt that complete mental and physical j 

prolonged period is one of the most important steps^ m the “ i 
of cerebral damage, regardless of its etiology. By rigid 
this treatment, the cerebrum may be ' ■ ■ 

cover its normal function as much as ’ '■ ! 


accidents such a method of treatment ' . smU 

be a fatal recurrence. Good nursing, with careful attention 
of the back and buttocks, will prevent the development ijcg. 

sores which may be very difficult to heal and may impede the app 
tion of physical therapy. Attention to the bladder, which 
and overflow, will often prevent the extreme restlessness 
traumatic cerebral cases. The patient’s position must be changea^i 
quently, particularly the aged, if the development of “wet lungs 
frank pneumonia is to be avoided. Dehydrating agents, such 5 
cent sucrose administered intravenously, should be used judicious y 
the acute phase of trauma or cerebral vascular accidents, as ^ 
after the surgical removal of certain tumors, in the effort to keep d • 
sw’clHng at a niinimum. Spinal punctures are useful in the ® ..jj 
of the treatment of traumatic lesions, and when done careful y 
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manometric control they not only drain off the bloody spinal fluid 
which acts as an irritant and causes restlessness, but they also offer 
the best means possible of keeping patent the absorptive mechanism 
in the cerebrospinal fluid spaces, the arachnoidal villi. 

Paralyzed Extremity. — ^The adoption of measures to insure rest 
should in no way interfere with the early treatment of the paralyzed 
extremity. Gentle massage of the muscles of the involved e.xtremities 
should be instituted as early as possible after the shock of the original 
trauma has disappeared. This may be associated with mild faradism 
to provide gentle exercise of the muscles. The chief concern of the 
nurse should be to prevent the helpless extremities from remaining in a 
fixed position Often bedclothes are allowed to rest upon a paralyzed 
foot so that it is forced and held in a position of footdrop. A cradle 
which will keep the weight of the bedclothes off the extremity and yet 
will allow freedom of movement of the sound limb may be made very 
simply. Passive movements of all the joints and in all directions should 
be carried out very gently and should be repeated several times each day. 


Splints. — ^The employment of light but effective splints to correct 
the tendency of a segment of an extremity to assume a malposition is 
important. The heavy, permanent type of splints, however, may*do 
more harm than good. For example, the use of a light crinoline pos- 
terior molded splint which is well padded will be just as effective in 
keeping the foot in a correct position at right angles to the leg as will a 
heavy cumbersome plastec-of-Paris splint. As a matter of fact, pillows 
and sandbags may be used in a very effective manner to prevent de- 
formities. The important objects to be obtained are frequent changes 
of position and the prevention of overstretching of paralyzed muscles. 

Splints are not so satisfactory in old neglected cases of spastic paral- 
ysis as they are in cases of flaccid paralysis. However, they may be 
employed judiciously to help overcome long-standing deformities. Tem- 
porary splints should be devised which employ elastic tension, else the 
harm from oversplinting may interfere seriously with their efficiency. 
Each splint should be constructed to meet the individual patient’s need 
and to help him obtain the most satisfactory results. An easy way in 
which to procure such simple splints, adapted to the special need of 
the patient, is to fashion them from sheet aluminum or other malleable 
metal with hand metal-cutting shears. Such splints, properly molded 
and padded, are quickly and inexpensively made. Here, again, how- 
ever, too much tension must be avoided, since it is undesirable to 
excite reflex muscle contractions which would defeat the ouroose of 
the splint. ^ 


\ OLUNTARY MOVEMENT.— As the patient begins to recover volun- 
tary power will return in the proximal muscles of the hemiplegic ex- 
tremity, and the increased tone of the muscles will be apparent At 
tms lime the patient’s help must be sought. He should be told that the 
Ultimate degree of recovery of function depends to a great extent upon 
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they are in adults. They arc both accompanied frequently by convul- 
sive seizures which are commonly jacksonian in type. These latter may 
be so frequent that a true status cpilcpticus develops. It is interesting 
to note that in these cases the cortical tissue may become very sclerotic, 
hard and firm, so that a ventricular needle is introduced Avith some 
difficulty and with the sensation of passing it through hard, sandy soil. 

Clinically, the children who have suffered from encephalitis and 
then develop spastic paralysis arc much like those children who have 
had spastic palsy from birth, \\Tiile the paralysis in the latter instance 
is more commonly due to hemorrhages (frequently of a widespread, 
interstitial type) which occur during birth, the former paralysis may 
develop as the result of an infection at any time. In contrast, also, 
their mentalities may be quite normal. The spasticity of their extremi- 
ties and the deforming contractures of their hands and feet are similar 
in all respects. 

TREATMENT OF LESIONS RESULTING IN MOTOR DYSFUNCTION 

The widespread feeling that recovery from the paralysis of a cere- 
bral lesion was impossible has been responsible, to a great extent, for 
the lack of concerted effort toward the continued treatment of these 
patients, In 1915 Franz, Scheetz and Wilson - called attention to tw 
fact that the conclusions regarding the permanency of paralysis irora 
cerebral accidents were neither accurate nor based upon sciemijic 
principles. They pointed out the striking improvement which could oe 
effected by careful and persistent attention to this group of cases. 

In general, the treatment of the paralysis resulting from 
lesions may be divided into that which is used immediately and tn 
which may be employed later in the course of the lesions. 

There is little doubt that complete mental and phpical . 

prolonged period is one of the most important steps in the f 

of cerebral damage, regardless of its etiology. By rigid enforcemen 
this treatment, the cerebrum may be given every opportunity 
cover its normal function as much as possible. Particularly in vascu 
accidents such a method of treatment will aid in preventing what njay 
be a fatal recurrence. Good nursing, with careful attention , 

of the back and buttocks, will prevent the development of decu 1 
sores which may be very difficult to heal and may impede the apphca- 
tion of physical therapy. Attention to the bladder, which may d^stenu 
and overflow, will often prevent the extreme restlessness exhibited m 
traumatic cerebral cases. The patient’s position must be changed fre- 
quently, particularly the aged, if the development of “wet lungs 
frank pneumonia is to be avoided. Dehydrating agents, such as 5® P, 
cent sucrose administered intravenously, should be used judiciously m 
the acute phase of trauma or cerebral vascular accidents, as well as 
after the surgical removal of certain tumors, in the effort to keep brain 
swelling at a minimum. Spinal punctures are useful in the early stages 
of the treatment of traumatic lesions, and when done carefully wim 
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It must be emphasized that the personal attention and cate of a 
trained physical therapist can never be replaced or improved upon by 
any kind of mechanical device. The therapist not only exercises pa- 
tience and human understanding, but is able to adapt herself and her 
physical agents much more to the patient’s needs than can ever be 
expected of a machine. The ideal combination, obviously, is composed 
of trained hands and good mechanical equipment. 

Active Movements. — Even though marked contractures are pres- 
ent in late neglected cases, usually active movements are possible, in 
some degree or other, in the affected extremity. The patient should be 
encouraged to practice these movements daily many times. It is often 
necessary to associate them with simple purposeful acts, so that the 
patient’s interest and enthusiasm may be held. Above all, he must be 
completely relaxed and at ease during these periods of practice. No 
attempt should be made to use a spastic muscle until it is relaxed. The 
patient should sit erect, but at ease, beside a table of correct height. 
The elbow and entire forearm of the flexed extremity should rest on 
the table. Relaxation of the elbow, wrist, and hand is then possible. 
It is common to observe a hemiplegic patient perform movements 
which he is wholly unable to repeat upon command or in the presence 
of strangers, but he must not be allowed to develop a defeatist attitude, 
and he must be told that failure to perform his exercises properly is 
no cause for discouragement. The tasks to be accomplished must be 
increased slowly and patiently, and he must be made to believe that 
his recovery depends largely upon his own attitude. 

The use of simple mechanical devices is perhaps the most valuable 
method of obtaining active exercise of muscles. This routine of muscle 
education should be planned to utilize and develop the intact residue 
to the highest degree of efficiency. Purposeful occupations and play 
center the patient’s attention upon his accomplishments rather than 
upon his disability. While the spastic patient may be able to perform 
given exercises, it is well to show him by means of occupational ther- 
apy that such movements may be quite practical. This is most impor- 
tant in cerebral palsies of childhood in which, of course, the treatment 
is limited in extent by the mentality of the child under treatment. 

While gross arm or leg movements may be accomplished rather 
quickly, the hands and fingers recover far more slowly and are more 
obstinate in their resistance to treatment. Franz and his co-workers 
found that one of the simplest and most effective exercises was to have 
the patient attempt to open the fingers after a ball was placed in the 
hand. An elastic rubber ball is perhaps the best such object to use. 
At first this act may be almost impossible, but soon the patient may 
be able to perform such a movement and pick up the ball as well. The 
time required to grasp and release a ball may be used as an accurate 
record of the patient’s progress. Attempts to draw a straight line with 
a pencil; to sort colored glass beads; to arrange wooden blocks- to 
solve Jigsaw puzzles; to use a fan (this develops pronation and supina- 
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his enthusiastic and persistent co-operation. He must not be allowed to 
lie in bed with the paraly2ed arm flexed and folded across his chest. 
He should place it away from his body, fully extended, and with the 
hand supinated. As passive movements arc instituted, he should be 
asked to attempt each individual movement with each performance 
and to hold the segment in the position into which it has been moved 
passively. The arc of the movement should be completed each time a 
passive movement is employed. 

The patient should be closely directed from the beginning of the 
return of the first voluntarj' movement. The tendency is for him to 
keep repeating that particular movement to the exclusion of all others. 
He should be taught to attempt new movements and to persist in those 
attempts whetlicr or not they arc at first attended by success. It is well 
for him to practice simple, purposeful movements such as he would 
ordinarily perform in his daily duties, such as dressing himself, han- 
dling his owTi food at table, writing, and receiving objects of various 
kinds into his hands. The ability to keep him from becoming discour- 
aged may account for success or failure, and if his movements accom- 
plish a purpose his interest and courage will be maintained. 


^lASSAGE, ViDRATiON, Heat. — In spitc of the most carefully directed 
methods of early treatment in cases of upper motor neuron paralysis, 
spasticity and rigidity of the muscles will tend to develop because of 
the inherent nature of the lesion. Consequently, more strenuous metn* 
ods of treatment to prevent deforming contractures and joint ankylosis 
will become necessary. 

Unfortunately, most patients who have received cerebral 
present themselves for treatment after spastidty and rigidity oi the 
muscles and deforming contractures have developed. In the presence 
of marked spasticity, incorrectly employed massage not only 
useless but may increase the rigidity. Spastic extremities 
heightened reflexes. Knee and ankle clonus may be elicited by the 
slightest stimulus. The lightest touch to the lower extremity at apy 
point may produce a marked withdrawal defensive reflex of the entire 
limb. Therefore, massage should be very light and should consist more 
of stroking than of rubbing. Franz was able to reduce the hyper 
tonicity considerably by vibration. In this maneuver the hand is 

• ntly until a distinct loosen- 

■ ■ ■ ' . ; . t before massage is begun 

■ f hypertonicity, but in our 

■ •’ warm, whirlpool bath has 

ueen jnoie eneaiye. However employed, heat improves the circulation 
to these extremities which are colder than the normal limb. , , 
Because of the increased reflex activity in these limbs, electrica 
stimulation of the muscles in the late stages of treatment is, in genera , 
contraindicated. If mild faradization can be used without exciting reflex 
rnovements of the muscles, it may help to proidde active gentle exer- 
cise for the muscles which are inactive 
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ning, the patient must be encouraged to practice assembled and co- 
ordinated exercises designed to teach him the proper way to walk. He 
must not be allowed to walk in the manner easiest to him (circum- 
duction of the entire leg, without flexion of the hip or knee) without 
making an effort to correct it. He should not be allowed to watch his 
feet, in order that he may more quickly reflexly control his balance. 
He should be made to support his own weight and maintain his own 
balance as completely as possible. Rubber-soled shoes and a rubber 
cap on his cane will add greatly to his feeling of security. 

Passive Movements. — Passive movements of all joints should be 
performed patiently and carefully by someone trained in such work 
and who has a knowledge of the anatomic parts involved. These move- 
ments may be quite painful at first and therefore must never be done 
in a violent manner, and force and determination cannot be used to 
overcome a spastic muscle. At the same time the patient must be 
taught to perform passive movements by himself with the aid of his 
sound extremity, and this he can do while sitting quietly alone without 
other occupation. In this manner the joints may be kept supple, so 
that when active attempts are made the joints can be moved. 

Report of Cases. — The following brief report of two cases will 
serve to illustrate the problems which one encounters and the results 
which may be obtained in the treatment of this group of patients. 

W. R. (Fig. i),aged 40, fell off a fast-moving truck and struck his head upon 
the concrete pavement. There was an “egg-shell” fracture of the right parietal 
bone. The patient was unconscious for twelve hours. When he recovered 
from his coma, complete flaccid paralysis of the left arm and leg was observed. 
Eighteen hours later the lower half of the left side of the face ^vas involved. 

It was felt that there were no surgical Indications present. The patient was 
treated by hypertonic solutions. The period of flaccidity remained for ten 
days before a gradual increase in tone tvas noted. During this time gentle 
massage of the arm and leg was given as well as passive movements of all the 
joints. The left foot was kept at right angles to the leg by the use of sandbags 
and pillows 

As spasticity developed, the arm tended to flex across the chest. This was 
«pt abducted and extended by the use of sandbags and pillows at night. 
During the day passive movements were carried out in all of the joints 
throughout their entire range of movement. At the same time the patient 
was encouraged to attempt the same movement voluntarily. 

The first return of voluntary movement ^va5 noted in the face after three 
weeks and this was followed rapidly by mowments of the upper arm and then 
by movements of the fingers. Active movements of the leg returned last of all 
because the motor cortex near the vertex was contiguous to the site of the 
fracture. When the patient was able to be out of bed after six weeks, definite 
purposeful exercises were instituted for the arm and leg. Graduated exercises 
and persistence with determination on the part of the patient resulted in a 
most satisfactory return of function after a few months, so that the patient 
^’®^^.'?"*ually able to return to a normal life with a minimum of permanent 
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Fic I — Pobttraumatic hemiplr^ic patient after six months of •"**"**' after 
therapy He was able to walk when discharged from the hospital seven » motion, 
injury, and for over six months he was treated by massage, active and passi' jjnt, 
and graduated re-educational exercises When last seen, eleven years alter ms 
be was entirely well except for a slight residual spasticity in the left hand. 

tion) ; to “climb” a small wooden ladder with the fingers; and ^ 
needle and thread, are several simple methods of developing s 
coordinated movements of the upper extremity. Similar simple, au 
exercises may be devised to re-educate the muscles of the lower 
tremity. No attempts to move the lower limb should 
when the patient is not at ease and xvell balanced. From the oeb 
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various types of aphasia or of the anatomic location of the cereb 
lesions responsible. Many simple exercises may be devised to 
educate these patients, based upon the description of the various ty] 
of aphasia given by Head.® 

Verbal Defects. — ^“In severe forms of this disorder the patier 
utterance may be reduced to ‘yes’ and ‘no’ and even these words c 
not always be evoked or voluntarily used. As speech returns, his voc; 
ulary increases, but his enunciation is slow and halting. Any word 
is able to recall can, however, be used for naming an object. It n 
be so badly pronounced that it is scarcely recognizable, but it is appl 
correctly. When the patient attempts to repeat what has been said 
him, the articulatory words are imperfect, although he can usue 
repeat more words than he can pronounce spontaneously. It is chat 
teristic of this form of aphasia that words are evoked with difficti 
and tend to be abnormal in structure. 

"At first the comprehension of verbal significance may be somew: 
impaired. But, after the stage of neural shock has passed away, 
power of understanding the meaning of words is rapidly restore 
these patients can not only choose an object to oral or printed cc 
mands but even complex orders may be executed correctly. 

“The power of reading to themselves with enjoyment is spoilt 
difficulty in remembering a series of words accurately; they are i 
quently compelled to look back to the beginning of a long sentence 
order to obtain its full meaning. On the other hand, reading aloud 
hampered by the same defects as articulatory speech. 

“As the spoken vocabulary increases, the power of writing is 
gained, although throughout it tends to show the same errors 
articulate^ speech These patients cannot spell and find difficulty 
remembering the order of the letters, even in simple words. They wt 
more easily to dictation, but are unable to carry in the memory 
string of words or a long phrase. Ability to translate printed woi 
into cursive script, though at first diminished, is as a rule rapii 
recovered.” 

Syntactical Defects. — ^“This is an easy form to distinguish, 1 
cause the patient tends to talk jargon. Not only is articulation of 1 
"’®ids^ ill-balanced, but the rhythm of the phrase is defective, a 
^nere is want of ^ammatical coherence. The power of naming objei 
i^ay be retained in spite of the gross defects by which speech is ha 
P^ed. Not infrequently, when the patient cannot utter a name, 
linen the sound emitted b incomprehensible to his auditor, he wTites 
correctly, proving that he fe familiar with the usual designation' 
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Fic, 2.— Fhotograph of a fibroblasdc meninnioma. wpichine p8 prams, A®? 

the ripht frontoparietal area of the cerebral corlea in a man with a foraPf * *‘‘‘ 
hemlplcRia. FollowinR its removal, pbysleal therapy was instituted and In less twn n\c 
months the man was restored to his former occupation as manaper of a sfo* * 


L. W., aged 33, was operated upon and a fibroblastic menlnglonia (Fig *)» 
weighing 98 grams, was removed from the right cerebral hemisphere^ in 
motor cortex lay directly under the tumor, as was attested by the paUf"” 
history of epileptiform seizures and left-sided weakness. Following total • 
moval of the tumor the patient was in every way improved except that 1 
motor weakness was somewhat increased and with it there 1 

of the muscles which appeared within a few days postoperativ y- 
Though the patient was at first not co-operative and disliked any , 
passive manipulation, physical therapy treatments were started 
could be taken to the physical therapy department of the hospital, 
neat, massage, passive and active exercises were instituted ivith 
success With continued urging the patient stopped favoring the leu 
purposeful movements, gained sufficient confidence to 
with less support, using a cane, and became able to swing the 
extremity at his side when walking with all normal associated 
In this man s case, not only was good physical therapy reeded and usee, 
a proper mental attitude and understanding of the problem had to he 
developed within the patient himself, and with each little improvement Sis 

enthusiasm mounted. 


Speech Defects — ^Lesions of the left cerebral hemisphere in right- 
handed individuals, or of the right cerebral hemisphere in Ieft;ha«ded 
individuals, may be accompanied by aphasia. This is particularly char 
acteristic of vascular lesions and is less common in intracranial tumms 
or following trauma. It is unnecessary to enter into a discussion of t 
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elation of meaning and inability to evoke a desired name; both internal 
and external speech suffer as a secondary result. 

“Such patients read with extreme difficulty both to themselves and 
aloud, especially if they attempt to spell out the words. Single letters, 
even if correctly enunciated, frequently fail to convey their full nom- 
inal significance. Printed orders are badly executed; but to read them 
aloud is a decided aid to their correct performance. 

“Both the act of writing and the power of conveying the intellectual 
content of ideas, evoked spontaneously or in response to something 
heard or read, are greatly affected. Writing to dictation shows the 
same calligraphic faults, although the subject matter is somewhat bet- 
ter reproduced, and, in the severe forms, these patients slavishly copy 
printed or cursive letters, but cannot consistently translate print into 
ordinary handwriting. 

“They can usually count, but suffer from defective appreciation of 
the meaning of single numbers. This interferes with the power to carry 
out simple arithmetical operation, and capacity to formulate the rela- 
tive value of two coins, or to calculate change, is usually more or less 
affected. Games, such as cards, which demand rapid and correct recog- 
nition of names and power to register a score, are impossible. On the 
other hand, chess, draughts, and dominoes may be played correctly. 

“Drawing from a model, or from memory after the object has been 
removed from sight, is easily performed. But, when the patient is 
asked to draw some such figure as that of an elephant from imagina- 
tion, the result is extremely unsatisfactory; all the distinctive features 
are usually omitted. 

^ “He can usually find his way from place to place so long as dis- 
tinctive landmarks are in sight; but he may have considerable diffi- 
culty in planning his route beforehand, or in describing the salient 
objects he would meet on his journey. One of the most Instructive 
forms assumed by the loss of function in these cases is the want of 
ability to draw a ground plan of some familiar room. Asked ‘Where 
IS the table?’ or ‘Where is the window?’ he can point to the situation 
of each correctly; but he cannot express their relative position in the 
abstract form of a ground plan. Moreover, he tends to slip into an 
attempt to express the principal pieces of furniture in elevation, evi- 
dently reproducing his concrete visual images.” 

Semantic Defects. — “This form of aphasia is characterized by 
Want of recognition of the ultimate significance and intention of words 
and phrases, apart from their direct meaning. But other functions 
suffer that have no immediate bearing on verbalization; for in this 
form of disordered speech there is loss of power to appreciate or to 
formulate the general conclusion of a connected train' of thought. The 
patient'may understand a word or short phrase, and can appreciate 
me various details of a picture, but the significance of the whole 
escapes him. Thus, although be comprehends the meaning of ‘summer’ 
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understood correctly. In daily intercourse they suffer from inability to 
recall with certainty what they have been told; not only is phrasal 
utterance defective, but phrasal roemory is transitory. This makes 
consecutive conversation difficult or impossible, and leads to an appar- 
ent slowness of apprehension. 

^ “Such patients can understand what they read to themselves, pro- 
vided they are not compelled to reproduce the meaning in words, either 
silently or aloud; for their internal speech is also disturbed by jargon. 

“Single words may be written correctly, but any attempt to convey 
a formulated statement in writing is liable to end in confusion. Patients 
suffering from the more severe degrees of this affection cannot write a 
letter; but in slighter cases writing is easier than articulatory speech, 
and all of them can copy correctly, transcribing print into cursive 
handwriting. 

“Counting and the use of numbers is not materially affected, except 
that the pronunciation of the actual numerals is Hable to be defective. 
There is no difficviUy with the manipulation of money, or in giving 
the names and relative value of coins. 

“These patients can understand the full meaning of pictures, out 
they are gready hampered by their jargon, if they attempt to convey 
to others or silently to themselves what they have gathered. They are 
able to draw, unless misled by defective verbalization, and can often 
produce an accurate ground plan of some familiar room. 

“This disorder is essentially one of balance and rhythm in symbolic 
expression, and syntax suffers greatly. The patient has plenty of , 
but their production Is ataxic, and they are strung together wmom 
the usual connecting links. This leads to jargon and renders difficult 
even internal formulation of words and their meaning.” 


Nominal Defects. — “This is essentially a loss of power to use 
names and want of comprehension of the nominal value or meaning o 
words and other symbols. Not only does the patient fail to name 
objects placed in front of him, but, when asked to point to one of them 
named aloud or in print, the choice, even if correct, is made slowly 
and With effort. 

There is no lack of words and, if the patient is intelligent, ho 
evokes ont after another, all more or less aptly associated with the 
name or expression he is trying to discover. He frequently employ 
some descriptive statement, such as *what you cut Nvith’ for scissors, 
or, m the case of color, may indicate how it is composed or the circum- 
stances under which it is used Verbal structure may suffer dunng 
the struggle to find the right word, but repetition is not materially 
affected; provided they are presented in articulated form, the sounds 
can be reproduced correctly. The essential defect is inability, to fit a 
name to an object or an object to a name, to recognize the differenc 
beuveen words of contrasted rignificance and to execute promptly ora 
and printed commands. This disorder is mainly due to defective appt®' 
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ciation of meaning and inability to evoke a desired namej both internal 
and external speech suffer as a secondary result. 

“Such patients read with extreme difficulty both to themselves and 
aloud, especially if they attempt to spell out the words. Single letters, 
even if correctly enunciated, frequently fail to convey their full nom- 
inal significance. Printed orders are badly executed; but to read them 
aloud is a decided aid to their correct performance. 

“Both the act of writing and the power of conveying the intellectual 
content of ideas, evoked spontaneously or in response to something 
beard or read, are greatly affected. iWiting to dictation shows the 
same calligraphic faults, although the subject matter is somewhat bet- 
ter reproduced, and, in the severe forms, these patients slavishly copy 
printed or cursive letters, but cannot consistently translate print into 
ordinary handwriting, 

“They can usually count, but suffer from defective appreciation of 
the meaning of single numbers. This interferes with the power to carry 
out simple arithmetical operation, and capacity to formulate the rela- 
tive value of two coins, or to calculate change, is usually more or less 
affected. Games, such as cards, which demand rapid and correct recog- 
nition of names and posver to register a score, are impossible. On the 
other hand, chess, draughts, and dominoes may be played correctly. 

“Drawing from a model, or from memory after the object has been 
removed from sight, is easily performed. But, when the patient Is 
asked to draw some such figure as that of an elephant from imagina- 
tion, the result is extremely unsatisfactory; all the distinctive features 
are usually omitted. 

“He can usually find his way from place to place so long as dis- 
tinctive landmarks are in sight; but he may have considerable diffi- 
culty in planning his route beforehand, or in describing the salient 
objects he would meet on his journey. One of the most instructive 
forms assumed by the loss of function in these cases is the want of 
ability to draw a ground plan of some familiar room. Asked ‘Where 
is the table?’ or 'Where is the window?’ he can point to the situation 
of each correctly; but he cannot express their relative position in the 
abstract form of a ground plan, bloreover. he tends to slip into an 
attempt to express the principal pieces of furniture in elevation, evi- 
dently reproducing his concrete visual images.” 


Semantic Defects. — “This form of aphasia is characterized by 
want of recognition of the ultimate significance and intention of words 
and phrases, apart from their direct meaning. But other functions 
suffer that have no immediate bearing on verbalization; for in this 
form of disordered speech there is loss of power to appreciate or to 
formulate the general conclusion of a connected train of thought. The 
patient may understand a word or short phrase, and can appreciate 
tne various details of a picture, but the significance of the whole 
escapes him. Thus, although he comprehends the meaning of ‘summer’ 
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and ‘time/ and knows that ^summer lime’ has something to do with 
the ‘Daylight Saving Act/ he is unabtc to say if the clocks are put 
fonvard or back when it begins. He can carry out a maneuver where 
each action suggests the next, but fails to do so if he is complied to 
formulate it to himself as a whole and is unable to bear in mind with 
certainty the final goal towards which his efforts are directed. 

“He has no difficulty in forming words and can repeat what is said 
to him. But in general conversation iiis sentences lend to trail arvay 
aimlessly, as if he had forgotten what he intended to say. If he is toW 
some simple story and is asked to reproduce it by word of rnouth or 
in writing, many essential elements may be omitted; this occurs to an 
even greater degree after reading it to himself silently. He cannot 
retain the total conception of its meaning, which is necessary for per- 
fect narration. He may be able to enumerate the details one by one 
correctly, provided he is allowed to mention them in any order as 
they may happen to recur in his memory; but his knowledge is episodic 
and is not co-ordinated by a general logically expressed formula. 

“The clock tests, reveal the nature of this disorder in a sinking 
manner. The patient confuses the ttvo hands, does not know how w 
approach the task of setting them to oral or printed commands, ana 
forgets the meaning of ‘past’ and ‘to’ the hour. Even direct 
on one clock of the time shoum on another may lead to conmsion; i , 
whatever the form assumed by the lest, the patient is liable ^ 
understand the intention of what he is asked to do. On the other nan » 
except in the gravest cases, he has no difficulty in telling the time, p 
vided he is allowed to keep the clock in sight until he has giv 
his answer. , j 

“Such patients can write, but the result tends to be inaccurate an 
confused. Although spelling may be careless and the letters 
formed, semantic defects are more liable to disturb the “ 

content and logical sequence of what is written than its verbal lor . 
Not infrequently the written account of a set of ideas arising s^ ' 
taneously, or suggested by something the patient has heard o^^^/ 
trails away aimlessly just like the spoken narration of the same o^et . 
The power of reproducing a logical and orderly sequence suffers m 
severely than the direct act of writing. , 

“Counting is possible, and the actual value of numbers and coii 
may be recognized correctly. But the patient becomes confused u 
is asked to state the relative value of two pieces of money; m aany 
life he finds profound difficulty in calculating the price of an aruo 
he has purchased, although he remembers how much he has expend^*- 
Arithmetical operations, such as addition and subtraction, are ‘:arne 
out uncertainly and with difficulty, because the nature of such mam 
ematical processes is incomprehensible, 

“Such patients fail to understand jokes which demand compiew 
comprehension of printed words or pictures. They cannot play cm 
games, draughts, or dominoes; nor can they put together pu22ies, 
which confuse them greatly. 
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“Drawing, even from a model, shows considerable loss of general 
constructive power. These patients do not, as a rule, block out the 
drawing, but tend to begin at some one point and follow round the 
outline of the object detail by detail; this weakness of design is also 
evident when they try to reproduce it from memory. Attempts to draw 
an elephant usually end in confusion and occasionally the marks on 
the paper do not correspond to a coherent figure of any kind. 

“None of this group could draw a plan spontpeously of a room with 
which he was familiar; unimportant details might be filled in, though 
salient features, such as the windows and doors, were omitted. This 
is not due to lack of memory of details, but to want of power to unite 
them into a coherent whole. For if I drew an outline plan and indicated 
upon it the position of each object as the patient pointed it out to 
me, he could subsequently reproduce this plan without fail. 

“These patients are completely unable to find their way alone; they 
do not take their bearings and fail to recognize landmarks, or to 
appreciate that they are passing over ground that should be familiar. 
They do not know which way to turn, and if they chance to cross to 
the opposite side of the road become confused, ignorant in which 
direction to walk. 

“Semantic disorders interfere seriously with the activities of daily 
life. The patient finds difficulty in collecting the subjects required to 
set the table for a meal, in adjusting the complexities of a military 
belt, or in putting together the different parts of a piece of furniture 
he has constructed. Such defects render him useless for any but the 
simplest employment; yet his memory and intelligence may remain on 
a relatively high plane. He does not forget people and places and his 
power of remembering detail Is sometimes remarkable. He can recall 
spontaneously events both recent and remote and may be able to fur- 
nish valuable information with regard to his disabilities. It is not 
‘memory’ that is affected, but the power to co-ordinate details into a 
general formula for external statement. 

“The tendency to confusion and want of comprehension of what is 
going on around them leads these patients to seek solitude and to shun 
their fellows. In some instances this produces an odd form of behavior 
or even a definite psychosis.” 

The full direct quotation from Head’s description of these disorders 
of speech has been given purposefully. It would be needless repetition 
to call attention to possible methods of re-educating these patients 
after they have been so clearly pointed out by Head It should be em- 
phasized that they are simple and can be carried out daily by the 
interested and intelligent co-operation of relatives. 


treatment or lesions reslilting in sensory disability 
Vascular lesions of the cerebrum which involve the posterior limb 
of the internal capsule are characterized by a spastic hemiplegia which 
^ hemianesthesia upon the same side as the motor 
aystunction. Intracranial tumors which involve the parietal lobe that 
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and ‘time/ and knows that 'summer time’ has something to do with 
the ‘Daylight Saving Act,' he js unable to say if the clocks are put 
forward or back when it begins. He can carry out a maneuver where 
each action suggests the next, but fails to do so if he is compelled to 
formulate it to himself as a whole and is unable to bear in mind with 
certainty the final goal towards which his efforts are directed. 

“He has no difficulty in forming words and can repeat what is said 
to him. But in general conversation his sentences tend to trail away 
aimlessly, as if he had forgotten what he intended to say. If he is told 
some simple story and is asked to reproduce it by word of mouth or 
in w'riting, many essential elements may be omitted; this occurs to an 
even greater degree after reading it to himself silently. He cannot 
retain the total conception of its meaning, which is necessary for per- 
fect narration. He may be able to enumerate the details one by one 
correctly, provided he is allowed to mention them in any order as 
they may happen to recur in his memory; but his knowledge is episodic 
and is not co-ordinated by a general logically expressed formula. 

“The clock tests, reveal the nature of this disorder in a stnKmg 
manner. The patient confuses the two hands, does not j 

approach the task of setting (hem to oral or printed commands, a 
forgets the meaning of ‘past’ and ‘to’ the hour. Even direct 1 
on one clock of the time shown on another may lead to 
whatever the form assumed by the lest, the patient Js liable to m • 
understand the intention of what he is asked to do. On ^ ' 

except in the gravest cases, he has no difficulty in telling the P * 
vided he is allowed to keep the clock in sight until he has giv 
his answer. , j 

“Such patients can write, but the result tends to be 
confused. Although spelling may be careless and the letters K 

formed, semantic defects are more liable to disturb the 
content and logical sequence of what is written than its verbal • 
Not infrequently the written account of a set of ideas arising spo 
taneously, or suggested by something the patient has heard o*" ^ 
trails away aimlessly just like the spoken narration of the same o^e . 
The power of reproducing a logical and orderly sequence suffers mo 
severely than the direct act of writing, , .-g 

“Counting is possible, and the actual value of numbers and coi 
may be recognized correctly. But the patient becomes confused n 
is asked to state the relative value of two pieces of money; m 
life he finds profound difficulty in calculating the price of an aru 
he has purchased, although he remembers how much he has ‘-i 
Arithmetical operations, such as addition and subtraction, 
out uncertainly and with difficulty, because the nature of such mai 
ematical processes is incomprehensible, !_»- 

“Such patients fail to understand jokes which demand ^ompie 
comprehension of printed words or pictures. They cannot play 
games, draughts, or dominoes; nor can they put together puzz» ' 
W’hich confuse them greatly. 
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atonia are the most outstanding symptoms of cerebellar disease. Volun- 
tary movements may be performed with excellent motor power but 
with marked incoordination and loss of the ability to measure accu- 
rately the range of movement. Jn general, lesions of the cerebellar 
hemisphere give rise to sjnnptoms in the extremities, while the vermis 
of the cerebellum exercises a control over the trunk movements. How- 
ever, not too much dependence must be placed in the exact localizing 
value of clinical signs, for very frequently a lesion quite discretely 
placed within one hemisphere may by its symptoms lead one to diag- 
nose a midline tumor, and Wee versa. 

The affected limbs show a definite decrease of muscle tone and are 
flaccid and rather flaillike. The hand and fingers or the foot may be 
dorsiflexed or plantar fle.xed to an abnormal degree. If the forearm is 
held fixed at the elbow, it may be shaken so that the hand flaps about 
like a loose appendage. If the forearm is flexed strongly against resist- 
ance which is removed suddenly, the hand may be jerked toward the 
patient's shoulder with a grossly uncontrolled movement. This loss of 
^eck refle.xes may be demonstrated in the upper and lower extremities 
in a variety of w’ays. If, for e.xample, the knee reflex is obtained with 
the patient sitting and the lower leg dependent, the initial jerk is fol- 
lowed by many repeated oscillations before the leg finally comes to 
rest. Attempts to perform rapidly alternating movements with the 
hands are characterized by large, awkrrard, incoordinated movements 
upon the affected side. 

Likewise, the tests for dysmetria or asynergia are characteristic of 
cerebellar dysfunction. If the patient attempts to place his forefinger 
on the tip of his nose with his eyes closed, the affected extremity 
misses the mark widely or there is a coarse ataxic tremor present at 
the end of the movement. The same loss of the ability to measure a 
movement may be shown by the test w’hich requires the patient to 
place the heel of one foot upon the opposite knee, with the eyes closed. 

The atonia and asyner^a are e:^ibited in the drunken, sw-ajing 
gait of the patients with cerebellar disease. The ability to balance 
themselves may be markedly affected. This may be tested by haWng 
the patient stand on one foot alone and unsupported. With the affected 
extremity raised, he will be totally unable to balance himself, and the 
affected extremity will describe large awkward arcs as he attempts to 
maintain his equilibrium. On the contrary, when he stands on the 
affected e.xtremity with the sound one raised, he is able to balance him- 
self much better. 

In lesions w’hich affect the vermis of the cerebellum, the patient may 
be wholly unable to sit erect, unsupported. The entire upper l^dy may 
pitch fonvard, backward, and laterally in the attempt to remain 
upright. 

Attention has been called to these signs and symptoms of cerebellar 
Ui'sfunction because they point out quite simply and effectively the 
methods to be used in re-education. It must be emphasized that there 
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is, posterior to the central sulcus, produce sensory disturbances. This 
is also true of traumatic lesions which involve the same portions of the 
cerebral cortex. 

All of these sensory changes differ considerably from those which 
accompany spinal cord or peripheral nerve lesions. Usually there is no 
gross loss of sensation in the sense of an absolute analgesia or anes- 
thesia. There may bo slight, if any, change in the patient’s ability to 
appreciate tactile, painful, or thermal stimuli. Rather, he may describe 
them as unnatural and be unable to localize accurately the site of 
the stimulus. 

On the contrary, such a patient is unable to appreciate the sense of 
position or small movements of a segment of the limb. We have 
recently observed t^vo patients with verified gliomas situated deep 
within the parietal lobes, and both complained of an inability to place 
themselves accurately in space. No doubt a part of this feeling of dis- 
sociation from spatial limits was due to an e.xisting homonymous hem- 
ianopsia. The patient may be unable to recognize the size, shape, 
weight, or consistency of objects. 

^ If the lesion involves the optic thalamus, the threshold for the recep- 
tion of painful and thermal stimuli may be lowered greatly. The 
response is grea*’*- • •**:•,.* >, that acute pain and 

suffering may res • • • ' This type of paroxysmal 

or thalamic pain . . : •. treatment. 

While trophic ulcerations of the skin, characteristic of peripheral 
nerve lemons, are not present in cerebral lesions, the impaired circula* 
tion of the skin predisposes to decubitus lesions. Cleanliness, dryness, 
and the use of ultraviolet light on the skin are excellent prophylactic 
measures which may be employed when a patient is confined to his bed 
for a considerable period of time. 

The re-education of sensory function may be undertaken upon the 
sarne lundamcntal principles already outlined for the treatment of 
motor disability. The patient may be taught to pick out various-sized 
coins or other objects upon command with his eyes closed. He may 
practice touching various parts of his body with the forefinger uith 
ms eyes closed. In a similar manner he may re-educate his sense of 
the appreciation of the shape of square, triangular, or rectangular 
I’- textures of pieces of doth may be used for 

vf Here, again, all of these simple exercises may 
be multiphed many times and all of them may be carried out daily m 
the patient s home. ^ 

Cerebellar Lesions 

rerebellar dysfunction are intracranial 

duce direct ininrt*”i'^t and traumatic lesions which pro- 
duce direct injury oi the r.rel,.ii — ^ cerebral lesions produi 


j ^ ‘ craniai fossa and traun 

s^nfomfon th'? “rebellum. Whereas cereDrai lesions 

cSSetSized ‘'■a body, cerebellar lesions are 

y ipsilateral signs and symptoms. Asynergia and 
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atonia are the most outstanding symptoms of cerebellar disease. Volun- 
tary movements may be performed with excellent motor power but 
with marked incoordination and loss of the ability to measure accu- 
rately the range of movement. In general, lesions of the cerebellar 
hemisphere give rise to symptoms in the extremities, while the vermis 
of the cerebellum exercises a control over the trunk movements. How- 
ever, not too much dependence must be placed in the exact localizing 
value of clinical signs, for very frequently a lesion quite discretely 
placed ivithin one hemisphere may by its sj'mptoms lead one to diag- 
nose a midline tumor, and vice versa. 

The affected limbs show a definite decrease of muscle tone and are 
flaccid and rather fiaillike. The hand and fingers or the foot may be 
dorsiflexed or plantar flexed to an abnormal degree- If the forearm is 
held fixed at the elbow, it may be shaken so that the hand flaps about 
like a loose appendage. If the forearm is flexed strongly against resist- 
ance which is removed suddenly, the band may be jerked toward the 
patient’s shoulder with a grossly uncontrolled movement. This loss of 
check reflexes may be demonstrated in the upper and lower extremities 
in a variety of ways. If, for example, the knee reflex is obtained with 
the patient sitting and the lower leg dependent, the initial jerk is fol- 
lowed by many repeated oscillations before the leg finally comes to 
rest. Attempts to perform rapidly alternating movements with the 
hands are characterized by large, awkward, incoordinated movements 
upon the affected side. 

Likewise, the tests for dysmetria or asynergia are characteristic of 
cerebellar dysfunction. If the patient attempts to place his> forefinger 
on the tip of his nose with his eyes closed, the affected extremity 
misses the mark wddely or there is a coarse ataxic tremor present at 
the end of the movement. The same loss of the ability to measure a 
movement may be shown by the test which requires the patient to 
place the heel of one foot upon the opposite knee, with the eyes closed. 

The atonia and asynergia are exhibited in the drunken, swaying 
gait of the patients with cerebellar disease. The ability to balance 
themselves may be markedly affected. This may be tested by having 
the patient stand on one foot alone and unsupported. With the affected 
extremity raised, he will be totally unable to balance himself, and the 
aliecled extremity will describe large awkward arcs as he attempts to 
maintain his equilibrium. On the contrary, when he stands on the 
affected e.xtremity with the sound one raised, he is able to balance him- 
self much better. 

In lesions which affect the vermis of the cerebellum, the patient may 
be wholly unable to sit erect, unsupported. The entire upper body may 
pitch forward, backward, and laterally in the attempt to remain 
upright. 

Attention has been called to these signs and symptoms of cerebellar 
dysfunction because they point out quite simply and effectively the 
methods to be used in re-education. It must be emphasized that there 
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IS no paralysis present. Active voluntary movements are possible, but 
tlwy arc asyncrgic. We have been impressed with the striking results 
which have been obtained in our attempts to re-educate patients who 
have been operated upon for the removal of intracerebellar or cere- 
bellopQntile angle tumors. Simple exercises designed to re-educate co- 
ordination of their muscles and based entirely upon the characteristic 
signs of their dysfunction have been employed. It is quite true that in 
some instances former occupations which require finely controlled and 
coordinated movements cannot be regained, but gainful occupations 
which require loss accurate movements may be opened to these 
patients. 

We have employed such simple exercises as having the patient pick 
up a glass of water from the table, lake it to the mouth, and replace 
it without spilling its contents. He must be shown how' to do this in 
one continuous, smoothly coordinated act. He may be taught to prac- 
tice walking along a straight line drawn on the floor, making certain 
that he looks ahead and not down at his feet. Again, he may practice 
the same acts which have been described as tests for cerebellar dys- 
function. Here, as in cerebral lesions, results may be obtained more 
satisfactorily if purposeful exercises are employed to hold the patient s 
interest and to provide a goal toward which he may strive. Adult 
patients may be self-conscious in making their practice maneuvers be- 
fore an audience, and it is important that the patient practice his 
movements with relaxation, self-confidence, and a feeling of steady 
discouragement must not be alloived to develop 
in his mind. We have also cmploy'ed motion-picture studies to show 
these patients the results of their persistent efforts. 


SriNAL Coro Lesions 

The symptoms which result from involvement of the spinal cord are 
to he distinguished from those which result from injury or disease oi 
the cauda equina. Spinal cord lesions are characterized by the symp- 
toms ot an upper motor neuron lesion. These are spastic paralysis, 
increased deep tendon reflexes, pathologic reflexes, absence of super- 
« ^ absence of muscle atrophy and of the reaction of 

nt?. contrast, cauda equina lesions are essentially 

like peripheral nerve lesions in that the symptoms present are those 
lesion. These are flaccid paralysis, muscle 
degeneration, and absence of deep tendon 
retiexes and of pathologic reflexes. 

rnmm^i^v iu either ev^nt is one which involves mos 

W Shi? A spastic or flaccid paralysis is, Ihere- 

1 ^^‘■d involvement. Lesions of the 

Tnd 
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SPASTIC PARAPLEGIA 

Patient IS quite characteristic. When the feet are nn fh^ n ^ 
foria7d^s*?hp^n portion of the body is inclinS 
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is no paralysis present. Active voluntary movements are possible, but 
they are asyncrgic. We have been impressed with the striking results 
which have been obtained in our attempts to re-educate patients who 
have been operated upon for the removal of intracerebellar or cere- 
bellopontile angle tumors. Simple exercises designed to re-educate 
ordination of their muscles and based entirely upon the characteristic 
signs of their dysfunction have been employed. It is quite true that in 
some instances former occupations which require finely controlled and 
coordinated movements cannot be regained, but gainful occupations 
which require less accurate movements may be opened to these 
patients. 

We have employed such simple exercises as having the patient pick 
up a glass of water from the table, take it to the mouth, and replare 
it without spilling its contents. He must be showm how to do this m 
one continuous, smoothly coordinated act. He may be taught to prac- 
tice walking along a straight line drawn on the floor, making certain 
that he looks ahead and not down at his feet. Again, he may practice 
the same acts which have been described as tests for cerebellar dys- 
function. Here, as in cerebral lesions, results may be obtained more 
satisfactorily if purposeful exercises are employed to hold the 
interest and to provide a goal toward which he may strive. Adult 
patients may be self-conscious in making their practice maneuvers 
fore an audience, and it is important that the patient practice nis 
movements with relaxation, self-confidence, and a feeling 
attainment. Doubt or discouragement must not be allowed to develop 
in his mind. We have also employed motion-picture studies to s ow 
these patients the results of their persistent efforts. 


Spxnai, Cord Lesions 

The symptoms which result from involvement of the spinal cord are 
to be disting^uished from those which result from injury or 
the cauda equina. Spinal cord lesions are characterized by the sy _P 
toms oi an upper motor neuron lesion. These are spastic paraysi > 
increased deep tendon reflexes, pathologic reflexes, absence of , 
ficial reflexes, and absence of muscle atrophy and of the 
degeneration. In direct contrast, cauda equina lesions are essen ja / 
like peripheral nerve lesions in that the symptoms present are o 
of a lower motor neuron lesion. These are flaccid paralysis, muyie 
atrophy, the reaction of degeneration, and absence of deep tenoon 
reflexes and of pathologic reflexes. 

The motor dysfunction in either event is one which involves most 
commonly the lower extremities. A spastic or flaccid paralysis is, t c 
fore, highly suggestive of spinal cord involvement. Lesions of me 
cervical segments of the cord may, of course, affect all four extremities 
and a quadriplegia results. 
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from the slightest to the most extensive in the different types of cases. 
A rupture of the intervertebral disk into the vertebral canal may in 
some cases, with the lesion being of large size and lying in the cervical 
or thoracic canal, cause spasticity of a certain degree. 


Degenerative Diseases of the Spinal Cord. — The most common 
degenerative diseases which produce spastic paraplegia are lateral 
sclerosis; amyotrophic lateral sclerosis; posterolateral sclerosis, which 
accompanies pernicious anemia; syringomyelia; multiple sclerosis; and 
the familial ataxic disorders. In all of these diseases the lateral pyram- 
idal tracts undergo progressive degeneration. The spasticity and 
paralysis develop gradually and insidiously. 

In lateral sclerosis the degeneration is limited to the pyramidal 
tracts and sensory disturbances are absent. Only the lower extremities 
are involved, so that the clinical picture is one of a pure spastic para- 
plegia, In amyotrophic lateral sclerosis there is a concomitant lesion 
of the spinal gray matter of the cervical segments of the spinal cord. 
In this disease, therefore, there are the combined symptoms of a lower 
motor neuron lesion in the arms and an upper motor neuron lesion in 
the legs. The upper extremities present atrophy, loss of tendon re- 
flexes, and flaccid paralysis, plus the reaction of degeneration. At the 
same time the lower extremities present the symptoms of a spastic 
paraplegia in varying degrees. Sensory symptoms are absent. 

Pernicious anemia is the one disease which attacks the lateral py- 
ramidal tracts and the fibers of the posterior columns of the cord 
simultaneously. The predominance of the paraplegic state over that 
produced by the posterior column disease similar to that present in 
tabes dorsalis, or vice versa, is dependent upon the extent of the path- 
ologic processes. Subjective and objective sensory disturbances vary 
greatly in each case. Syringomyelia may produce a clinical picture 
similar to that seen in amyotrophic lateral sclerosis. In addition, how- 
ever, there are marked sensory disturbances due to the involvement 
of the pain and temperature fibers as they cross in the anterior gray 
commissure. Jlultiple sclerosis is characterized by the scattered nature 
of the pathologic lesions present in the cord and medulla. Sensory dis- 
turbances may be present but are usually not well marked. The upper 
extremities are less frequently involved in the general loss of power. 
In both upper and lower extremities the weakness or paralysis is asso- 
ciated with a comparatively moderate degree of spasticity. 

A group of cases has been described by a number of authors, begin- 
ning «ith Striimpell, which presents pure spasticity and familial traits. 
The spastic condition may appear at any age, and there is paresis only 
in the terminal stages of the disease. Increased tendon reflexes and 
n>-pertonicity of the muscles are the outstanding symptoms. Sensory 
and sphincteric difficulties are absent. The rigidity of the legs may be 
so marked as to make the gait spastic and walking impossible. 


TEAUMA.—Injury of the spinal cord may be the result of direct 
trauma to the cord, as by a gunshot wound, a splinter of bone, con- 
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floor, so that the heel is elevated and the patient moves up and do^-n 
on his toes. Finally, the limb becomes fixed, and the opposite extremity 
is advanced in the same manner. Frequently these short and jerky 
steps may be interrupted by violent ovcraction of the adductor muscles 
of the thighs which displace the knees inward. Sometimes a cross- 
legged or scissors gait is produced. 

If walking is impossible, the same cross-legged attitude is charac- 
teristic of the patient as he stands. The tendency is for the knees to 
adduct and for flexion of the knee and hip joints to occur. The paUenl 
may flex his trunk far forward at his hips in his efforts to remain 
standing and to prevent these adductor and flexor spasms from causing 
him to fall. ‘ . u, 

When the patient is bedridden and a spastic paraplegia 
developed, the lower extremities may be extended rigidly, ine a * 
ductor muscles of the thighs are strongly contracted and may caus 
the limbs to be crossed. The marked rigidity may cause the extremi i 
to act like rigid pipes which are hinged together. Passive 
of one foot upward may be followed by a like movement in the o 
extremity because of this rigidity. In other severe cases of pyap ? » 
rigidity may occur in flexion. The legs are strongly flexed o 
thighs and the thighs, in turn, may be so completely flexed o 
trunk that the knees touch the patient’s sternum. Commonly i 
cases there is also a strong adductor spasm which makes these p 
appear to be tied into a knot. It has been our observation , . 
flexor-reflex movements are initiated by the adductor spasm wn > 
in turn, followed by flexion of the limbs (Fig. 3). ^ - 

The deep tendon reflexes may be exaggerated incredibly ^ 

patients. The slightest touch may cause violent reflex ® 

throw the patient about on his bed, or produce 
flexes which result in a posture similar to that presented by me p 
wth a paraplegia in flexion. , .wg 

The bladder and bowels are affected to a variable degree m 
cases. Lesions of the lumbar cord destroy the vesical and rectal 
while involvement of the cord at higher segments removes the par 
control over these functions. Quite frequently patients may ^ 

automatic bladder which empties when its contents have reacne ^ 
pven amount. Mass reflexes may also be present in which the 
limb flexes upon stimulation; this is accompanied by expulsion 
contents of the bladder. . .. iy 

Sensory and trophic disturbances are variable, depending 
upon the horizontal involvement of the spinal cord jnnle 

tractures may produce deforming postures which seriously P 
these patients and make operative measures necessary to afford 
relief from their suffering. 

Etiology. — The most common causes of a spastic 
(i) degenerative diseases of the spinal cord, (2) trauma, (3) 

(4) birth injuries, and (5) infectious diseases. The symptoms va t 
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Fio i—A. Dislocation ol the fifth upon the sittb cervical vertebra, tojiether with 
comminution of the body of tbe seventh, producing an incomplete lesion of the spinal 
cord (Before application of tracUoQ ) 

B. The same patient, with the dislocation completely corrected Twenty-four hours 
after the accident, when the patient was first seen, skull tongs were put in place and 
30 pounds of traction applied He was immediately relieved of neck and shoulder pain 
and soon showed signs of neurologic recovery. Note Ibe increase in length of tbe total 
cervical spine after reduction (Photograph taken three dajs after application of traction, 
with traction sull in place) 


is more commonly observed, whereas, in incomplete lesions, frequently 
extensor types of movements are present. In complete lesions, the 
posture of the lower limbs is one of slight fle.xion; in partial lesions, 
extension. As a general rule, partial lesions of the spinal cord generally 
show a condition comparable to that of a decerebrate animal in which 
there are defense reflexes with marked spasticity. Although an extensor 
t>’pe of response to plantar stimulation has been observed in complete 
section of the spinal cord, usually such a stimulation is followed by a 
plantar flexion of the toes, and, as a fairly general rule, it may be 
stated that an extensor type of reflex is strongly indicative of an in- 
complete lesion. Inasmuch as prolonged states of toxemia or septicemia 
from urinary sepsis or bed sores hasten considerably the reappearance 
of reflex inactivity in cases of complete section of the spinal cord, it 
frequently occurs that, from the practical standpoint, incomplete 
lesions are relatively easily recognized by the long persistence of spas- 
ticity and signs of a paraplegia in extension. Of particular value in 
recognizing incomplete lesions is the early appearance of a Babinski 
sign, the failure to evoke mass reflexes from above the knee, a definite 
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spinal cord, liveTe‘en'’observ^^^^^^^ section of the 

°! Pf'Plieral nerve lesions a rnlni ^‘1''“ ““dr. As in the 
,?P‘"‘'>' ford cannot be different Physiologic interruption of 
Both are followed by comnleie nirlt^ a complete anatomic one. 
nerves originating below tL leJi? f niuscles supplied by 

sensory loss results bdow the lei. r''’l both, 'implele 
changes and bladder disturbir^ ' segment, and the reflei 

cases of incomplete anatoSe^.’^J^c'’" Although many 

^ interruption, a larire nnmK cord show complete 

partial paralysis of the mu«:rl?c tn^y recognized by only 

preservation of one or alMv™ nf^ ^ 

Bastian s law— that, foUmS^^ sensibility. Prior to the Great War, 
cidity was present and all reL» transection of the cord, flac- 

section of the splnil cord “ ““P'*d Iran- 

the stage of muscular ilacc?H;»i divided into three stages. First is 
which the paralvzprf m period of spinal 

reflexes, superficial and dPPn toneless and flabby and all 

urine and feces. At t^es reiP^r*’" of 

observed and ar **71.*^^ incontinence of feces 

flexes have been elicited ThJ^ cremasteric and bulbocavernosus 
ei^' "^th the first rphpv ? stage, the stage of reflex activ- 

om the sole of the foot Tn external stimulus, usually 

fleSo!"^ ^PP’^ed to any part 0 /*"?!.^“ development of this stage, a 
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Fic 6 —A very satisfactory neck 
brace, with adjustments to increase 
support on the occiput and mandible. 
Such a brace is useful in maintaining 
position of the cervical vertebrae after 
^eletal traction has been discontinued 
With such support the patient may 
then be out of bed 


1 



Lc . _ _ 

The spastic paraplegia is usually of gradual development in com- 
pression of the cord due to tumor masses, although occasionally one 
may see the sudden onset of paraplegia due to erosion and collapse 
of a vertebra by a tumor mass or as the result of a sudden dislocation 
of a tumor within the vertebral canal. We have also seen this happen 
m young patients who suffered a spread downward in the cerebrospinal 
axis of a rapidly growing medulloblastoma in the posterior cranial 
fossa. Root pains which surround the trunk or radiate into the limbs 
may be early symptoms. Complaints of heaviness, weakness, and dum- 
bness of the legs may be made long in advance of paralytic symptoms, 
rmgling or “electric” pains are frequently complained of, and each 
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Fio. s.— Skull tonjrs which arc placed »n Ibc outer table of t appiiwtiw 

temporal line above (he car. The swivel handle allows sv.uial traction 

ol traction weights (i8 to so lbs) and for moving md It sbouW bt 

should be applied as soon after a cervical fracturc-dblocauon as pos-i • 
maintained continuously for 2 $ to 30 days. 

history of an absence of a state of spinal shock, niafke<i 
paralyzed extremities, the involvement of both flexors J 
in reflex movements provoked by the stimulation ol ^ P 
and, of course, in obviously incomplete lesions, the aose 
paralysis or anesthesia below the level of the lesion. damase, 

Fracture-dislocations of the cervical vertebrae, with c 
present a somewhat specialized problem in the 
injury is frequently at the level of the fifth and sixm vert » 
a resultant paralysis of all the muscles of respiration sa 
phragm. If the lesion is a physiologic one, and it Meehan- 

entire symptomatology may change within a day or two -qqJ 

ical correction of the deformity. We have used ^ete 

success in such cases, and if adequate weight is used for . 
is a rapid return to normal bony alignment in the fresh inj ' ^ 
an immediate relief of shoulder and neck pain and the appe 
signs of neurolo^c recovery (Figs. 4-6). 

Tumors. — Spinal cord tumors may be intramedullary or 
ullary in location. The extramedullary tumors may be 
extradural and may produce compression of the spinal cora 
point about its circumference. Intramedullary tumors of 
simulate any of the degenerative diseases of the spinal ^ tiie 
symptomatology. Extramedullary tumor masses may arise ir 
meninges of the cord or from the vertebrae. 
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motor neuron lesion. The deep tendon reflexes are absent, there is 
muscle atrophy, the reaction of degeneration is present, and sensory 
changes form a prominent part of the clinical picture. The cauda 
equina of the spinal cord is involved in the patholop^^ of these lesions. 
Their resemblance to peripheral nerve lesions is striking. 

The most common etiologic factors which produce a flaccid para- 
plegia are fracture-dislocation of the lumbar vertebrae and tumors of 
the cauda equina. Here must be included, also, the ruptured interver- 
tebral disk which is so commonly found between the third and fourth 
lumbar vertebrae or between the fourth and fifth. Anterior poliomy- 
elitis which produces the syndrome of a lower motor neuron lesion 
should also be included in the etiology of flaccid paralysis of the lower 
extremities. In this disease there is a total absence of sensory dis- 
turbances. The varying degrees of paralysis which may result from 
this disease and the late treatment of this condition are considered in 
Chapter 8 and therefore will not be considered here. 

TREATMENT OP SPASTIC AND FtACCID PARAPLEGIA 

The treatment of spastic and flaccid paraplegias as the result of 
spinal cord and cauda equina lesions by the use of physical thera- 
peutic means may be considered together. The differences in the treat- 
ment of the spastic and flaccid paraplegic states may be emphasized 
as each type of therapy is discussed. The results of physical therapy 
in the treatment of flaccid paraplegia are much more satisfactory than 
those which can be obtained in spastic paralysis. 

Massage. — ^Just as in the spastic limbs of the hemiplegic patient, so 
in spastic paraplegia, reflex activities are heightened. The slightest 
touch may produce marked adductor and flexor spasms. Consequently, 
massage in these cases must be very gentle and should consist of strok- 
ing rather than rubbing movements. On the contrary, massage may be 
more active and may be more effective in cases of flaccid paralysis. 
Massage may be begun with a period of rhythmic superficial stroking. 
Following this all of the muscles of the extremity should be massaged 
with a centripetal motion to affect the venous and lymphatic circula- 
tion. More pressure may be used than at the beginning of the massage, 
but care should be taken not to injure the paralyzed muscles by com- 
pressing them against bones. This may be increased gradually until the 
m^sage consists of a gentle kneading. 

Massage should be preceded by exposing the extremities to heat for 
twenty to thirty minutes. This is particularly useful in flaccid extremi- 
ties. Radiant heat, the infra-red light, hot packs, or a whirlpool hath 
01 warm water are all useful, but they should be used with extreme 
care because of the ease with which the skin of a denervated area can 
ue burned.^ The whirlpool bath, if it can be used without too much 
niiiiculty, is preferable because the motion of the water acts as a 
Scntle massage. 
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patient will describe his paresthetic sensations in his own particular 
terminology'. As pressure upon the cord increases, compression of the 
pyramidal tracts occurs and spastic paralysis and increased tendon 
reflexes appear. Spasticity, marked reflex movements, and muscular 
rigidity with contractures may become very pronounced in these types 
of slow cord compression. Sphinctcric loss is a late feature of these 
cases and is usually preceded by lesser degrees of incontinence. Sen- 
sory disturbances vary' in direct relation to the degree of involvement 
of the afferent fiber tracts in the cord. Trophic disturbances of the 
skin are quick to develop in the presence of poor nursing care and 
prolonged periods of confinement in bed, and it is to the interest of 
everyone concerned that such lesions do not develop in these patients 
who are always a great nursing care and whose eventual outlook may 
be precarious enough because of their spinal cord lesion alone. 

Birth Injuries. — A very important cause of motor disability in 
children is caused by injury to the spinal cord as the result of obsteUic 
accidents. In the opinion of Crothers'* the maj'ority 
to the “imposition of the unphysiologic force of traction. 
emphasizes the fact that the management of these children 
upon the intactness and rc-education of the physiologic residue ratn 
than upon the exact nature of the anatomic lesion. If the lesion is w • 
fined to the spinal cord, the child at least has the advantage of a 
mentality. The most common deformity presented is P®'’®P ys-t 
the clinical picture may vary enormously with the degrees 01 pa 
injury which may be present. The least favorable cases are, of cours , 
those with physiologic or anatomic destruction of the lumbar ema g 
ment of the cord. Urinary' sepsis and trophic ulcers c(OTpnca 
care of these patients. Complete flaccid paraplegia 
some cases due to an almost complete destruction of the lum 
spinal cord. 

Infectious Diseases— A large number of spinal cord lesions have 

been grouped under the term “myelitis." Inflammation of tne c 
substance is probably never primary. Infection may reach the ® 
the vascular supply and not infrequently follo^vs the exanthemai 
and septicemic diseases. _ 

Acute cases produce the maximum damage in a few days, 0 

require weeks. If death does not result, gradual improvement 
occur. Decubitus lesions are serious complications in these cases. , 
spasticity develops, there is rarely any recession, and the P^*!?P , ^ 
state W'hich has been described results. Localized muscle atrop y 
to involvement of the anterior gray matter never improves. 


FLACCID PARAPLEGIA 

In direct contrast to the spastic paraplegic state is a 
the lower extremities, which is completely flaccid. As was stated^ 
viously, such a flaccid paraplegia presents the symptoms of a 
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neuron is uninjured, the trophic nerve supply to the muscles is intact 
and the intelligent employment of massage and active and passive 
movements will accomplish more with far less danger of harmful 


results. 

On the contrary, in the flaccid paraplegias, electrotherapy may be 
used to great advantage. Electrotherapy is indicated to prevent the 
atrophy of muscles and fibrosis, to increase nutrition, and to conserve 
the functional capacity of paralyzed muscles until sufficient return of 
function has taken place to permit of active motion. 

Since the days oi Ducbenne, neurologists have agreed that elec- 
trotherapy is of service in hastening the return of function in muscles 
paralyzed as the result of lesions of the lower motor neuron. Although 
some physiologists have felt that it was useless, others have shown by 
experimental studies that there is a sound basis for the belief that 
electrotherapy is of distinct benefit. Recently it has been shown, par- 
ticularly in peripheral nerve lesions, that a more advanced type of 
regeneration of the nerve occurs when the denervated extremity is 
treated by electrotherapy. 

It is necessary to understand clearly the method of action of treat- 
ment by electricity. Stimulation by an electric current of sufficient 
strength produces a contraction of the muscle. It is this active con- 
traction which conserves the volume and nutrition and keeps the 
muscle fibers in a functional state adequate for voluntary movement 
when regeneration occurs. The only requirement of electrotherapy is 
that it produces a contraction of the paralyzed muscle. This cannot be 
produced by the faradic current because the duration of each stimulus 
is too short in relation to the changed chronaxia of the nerve and 
muscle. Galvanic current must be used, therefore. It may be used in 
its simplest form of a continuous current, with a make and break key, 
or in the form of sinusoidal currents of various wave types. 

It has been said that a continuous current which produces a sharp 
contraction at the make or break is of little value because it does not 


resernble the normal contraction of a muscle. On the other hand, it 
is said that the sinusoidal current produces a slow contraction which 
IS more nearly normal. Physiologic experiments have never shown that 
muscles contract slowly in their normal state. It may be accepted that 
the muscle contractions which result from the interrupted galvanic cur- 
rent stimulation are as useful as any other type of galvanic current. 

The rapidity of the muscle contractions can produce no harm after 
the second week following injury or surgical procedures. During 
the first two weeks the muscles should be kept at rest. After this 
period, sudden contractions are as useful as slow ones. The force of 
the contraction may be modified by the strength of the current Intet- 
t^pted galvanic current is often painful, and therefore other tsmes 
01 waves are useful in children or sensitive patients. Since the muscle 
contraction occurs only upon making and breaking the current nro- 
Wed stimulation is unnecessary. The current should be applied with 
short makes and immediate breaks by ihe use of a suitable electrode 
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Active and Passive Movements. — ^Hcrc, again, spasticity may in- 
terfere seriously with attempts to use active and passive movements in 
the treatment of a spastic paraplegia. Often when the patient attempts 
to perform an active movement, the spasticity of the extremity becomes 
so marked that the limb becomis rigid, stiff, and immovable. This is 
particularly true if tlie patient is not relaxed completely or if he feels 
that the movement must be performed upon command. Consequently, 
active movements in spastic patients must be begun slowly and very 
gradually, and unusual patience on the part of the patient and the 
nurse is imperative. 

This is not true of flaccid paralysis. Active movements must be 
attempted and may be pushed as rapidly as the patient’s progress per- 
mits. It is wise to aid the patient if necessary, so that the complete 
range of the particular movement- is performed. Movements which 
occur refiexly in spastic paralysis must be differentiated from true 
voluntary movements and must not be interpreted as evidence of re- 
turn of motion. 

Passive movements may be employed to greater advantage than 
active movements in spastic extremities. They must be used carefuhj 
and gently, however, so that large defensive reflex movements may 
not be excited. As Langley ° has pointed out, intermittent passive or 
active stretching forces lymph, and so presumably metabolic prMUCts, 
frorn the muscles. Moreover, such active or passive movements nave a 
distinct influence upon the formation of connective tissue, the forma- 
tion beginning rather quickly in lower motor neuron lesions. Part o 
the late contractures in flaccid paralysis may be due to the shnnsag® 
of this newly formed tissue which is soft and extensible.^ Active o 
passive movements will stretch the developing connective tissue noers 
so that, when they do shrink, there may be less tendency to a con 
tracture. _ . , 

Passive movements may be carried out very well in conjunction wit 
massage. They help to stretch contractures which have *^heady o 
curred and to prevent those which invariably occur in an mac v 
or denervated muscle. They also increase the range of motion m an 
already stiffened joint and help to keep a mobile joint active so tnai, 
when the time comes, it is ready to perform its part as an 
mechanism. Finally, such movements help to re-educate the musci^es 
performing normal movements. Each separate passive exercise shou 
be individualized and the p.atient should be required to make 
attempt to perform the movement simultaneously or to attempt to n 
the part in the position imposed upon it. 


. . ■ . spastic 

. ,e results which 

• • . fact, the height™™ 

reflex activities of the spastic extremities may offer strong contra 
indications to its use. In upper motor neuron lesions, muscle at P 
does not occur except as the result of nonuse. Since the lower motor 
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Fic 8 —Thomas type of caliper splint, which may be modified as desired for a paralysis 
of the lower eMTcroit>. 

Contractions of muscles produced by electric current are a valuable 
aid to re-education and active motion. Although the patient may not 
be able to produce dorsiflexion voluntarily, the ankle may be held in 
that position after electrical stimulation has produced dorsiflexion. 
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Fm ?-A simple sptins splint to sM |„ dprsillexion ct the toot snd to prevent looldtop 


first few months following the paraiysis, the muscles 
tao yP®[*fritabIe. Unipolar stimulation will produce contractions m 
tiiflln ^ost affected by the weakest currents, because of loagi- 
fatigue in these muscles must be 
to rell ^ sense may be defective and the patient is unable 

to tell when his muscles are taligued. 

stimSiln affected muscles become less irritable and unipolar 
alme mi?, “f current to unparalyzed muscles which 
trodes should'h injury of the patient. Therefore, bipolar eiec- 

ahvavs liti^ 5"= at this stage. Although polar inversion does not 
Sir ?f in'" *S™arated musclesr it occurs in such a large 

eTeSriL^lSSiisrpI^^^^^^ 

usS to*^Drevpn? paralyzed muscles, care must ^ 

inc muscles TJiia r gravity from acting against the contract* 

roints and m^v movements of segments about the 

S no?tS. faUgue. The extensors of the foot 

drop but if the with the extremity in a position of ftjot* 
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Fic XO'— A simple type of xvalker, made of ordinary ps pipe and large ball-bearing 
casters, very useful in the first walking attempts of a paraplegic patient. 


SO that it may prove more desirable to use light crinoline posterior 
molded splints which may be removed easily for massage and passive 
movements. There is no reason for using heavy plaster-of-Paris boots 
which are out of all proportion to the effect desired. Adhesive tape 
straps from the sole of the foot to the dorsum of the leg may also be 
effective. 


When the patient becomes ambulatory, the most satisfactory splint 
f? P^fvent footdrop is one patterned after that shown in Figure 7. 
This is a simple device and can be attached to the shoe easily. As is 
usually the case, the remainder of the extremity also requires support. 
A modification of the Thomas caliper splint may be employed (Fig. 8). 
A spring lock at the knee joint enables the patient to flex the knee 
when he sits. When he is standing or walking, this lock closes and the 
kn^ IS kept in extension. The additional footdrop splint may be at- 
tached very simply to this type of apparatus. Figure 9 illustrates an- 
ottter variety of splint which may be used when the residual paralysis 
atiects the lower leg predominantly. 


Exercise and Muscle Re-education.— Very often the naranlerir 
patient ,s looked upon by his physician nith the same air of hopelefs- 
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Care must be exercised in treating areas of skin in f,^pralion 
has been destroyed. Burns are produced easily, and when 
once occurs, healing is difficult. ,t mntract 

When the nerves and muscles have recovered sufficiently , • 
to faradic stimuli, both galvanic and faradic stimulation are a -j, 
the purpose of the latter being to produce more prolongea or 
contractions. 


Splints. — ^We have found splints of little or no use in j pg, 

of spastic paralysis of the lower extremities, once it 
formities and contractures may in part be prevented n^tient 

by massage and passive movements of the joints. When tne p 
is confined to bed, the extremities should be kept in be 

abduction by the use of sandbags and pillows. The feet may ^ 
held up in a functional position, in order to overcome a the 

of the feet, by a foot board which can be moved up and do' 
frame of the bed to accommodate to the position of the patient 
On the contrary, much can be done by the intelligent use ol sp 
in cases of flaccid paraplegia. While the patient is in bed, mom j 
may be avoided by the use of sandbags against the soles ot tne h ^ 
ticnt’s feet and a cradle over the legs to keep the weight of tne 
clothes off the feet. These require careful and constant adjustm » 
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Fic IS— A walking frame combined with mirrors Is a useful agent In re*educating a 
patient to nalk. 

floor of this aisle consists of a board upon which are painted square 
spaces which are numbered. These vary in size. The patient attempts 
to place his feet within these spaces, and as his skill develops, the wder 
spaces are utilized. The results of this method may be increased by 
having the patient observe the movements of his legs in a mirror 
(Figs. II, 12), 

We have also found that the movements of the lower extremities may 
be more easily performed in slightly warm water. This is true of the 
cases of spastic as well as flaccid paralysis. A Hubbard tank (Fig. 
13) is an excellent means of carrying out these underwater movements. 
Since the tank may be installed in the basement of the patient’s home 
and is relatively inexpensive, it is extremely valuable. 

These few examples of methods of re-^ucation of the muscles of 
the lower extremities may be multiplied many times. In more ad- 
vanced cases, a stationary bicycle may be used or a rowing machine 
may be employed to advantage. Just as in the re-education of the 
upper extremities, productive educative exercises for the lower extremi- 
ties intrigue the patient and seaire his whole-hearted co-operation. 

Frankel Exercises.— T hough not strictly a spinal cord disease 
tabes dorsalis produces ataxia in the lower extremities which may be 
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fic II — A patient engaged in walking eierdses, stepping on markers design 
graduated active eTcrcisC. 

ness as is the hemiplegic one. Many times massage, active 
movements, electrotherapy, and splinting are carried out ^ 
lively until the patient is ambulatory, and then his further treat 
neglected. ^ - 

It is necessary to teach the recovering patient to use his 
muscles to his best advantage. He must be taught to walk again, 
one may feel that this will be accomplished gradually in spite oi wi 
may be done, our cases have progressed more rapidly as the res 
directed muscle exercises and re-education, tremi- 

One of the simplest devices to teach the patient to use his exo" 
ties may be made of small iron pipes and is similar to a baby s wa 
The patient stands within this frame, which is on rollers, and rests nu 
weight upon his arms, grasping the sides with his hands 
Another excellent method of re-education in walking is to 
patient walk m an aisle bounded by iron pipes, which may be 
easily, and upon which he may rest his weight as he progresses, to 
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4. In the standing position the patient should place one foot in front 
of the other. \Vith his hands across the chest, he should flex his knees 
and then slowly raise himself. 

5. The second exercise may be repeated and extended so that the 
patient places one foot behind the other. This requires and educates 
the sense of balance. 

6. With the feet together, the patient should stand alone with his 
hands on his hips. 

7. With the feet separated in a normal position of standing and 
without a cane, the patient should perform various acts with the hands 
and arms. 

These exercises may be lengthened and enlarged as the patient de- 
velops his coordination and, of course, are as valuable in cases of 
flaccid paraplegia of spinal cord origin as they are for patients with 
tabes dorsalis. 

Surgery. — Marked deforming contractures may follow neglected 
cases of spinal cord involvement. Attention has been called to the 
flexor and adductor contractures in spastic paraplegia. Division of 
tendons, peripheral nerve section, such as severance of the obturator 
nerves in adductor spasm, and extensive posterior spinal root sections 
must be considered as a part of the treatment of these cases. Often a 
bedridden patient may be made ambulatory by posterior root section. 
After such a procedure the patient must be trained thoroughly and 
persistently by re-educational exercises and other physical therapeutic 
methods. 

Modification of Treatment Because of Sensory Disturbances. — 
The loss of sensation is variable as a result of spinal cord lesions. 
Cauda equina involvement is characterized commonly by sensory loss 
about the buttocks. This has given rise to the term “saddle anesthesia.” 

Because of the sensory disturbances present, extreme care must be 
taken to avoid decubitus lesions of the skin of the back and buttocks. 
The skin must be kept scrupulously clean and dry. Alcohol rubs and 
the application of cocoa butter should be used freely. If possible, the 
patient should be turned on the side and propped there by pillows, 
so that strain on the paravertebral muscles is avoided. This distributes 
the pressure of the body over various areas of skin and allows the back 
to be treated efficiently. 

Harsh, stiff linen sheets which burn the skin must be avoided. The 
linen must be changed immediately if it becomes soiled from an in- 
continence of urine or feces, 

^ Decubitus lesions may be treated with excellent results by a few 
procedures at the patient’s bedside. Care should be taken to 
debride the ulcers of all necrotic tissue. Undermining, sloughing 
of dead tissue should be searched for and removed. After such 
debridement, the wound may be gently cleansed with plain soap and 
water and irrigated with normal saline solution. It should then be dried 



Fjg. 13 —Patient performing etcrdses under 


water In a Hubbaid tank. 


treated very successfully by a system of re*educative the 

described. There is a considerable amount of literature con 
results of treatment of tabes dorsalis by Frankel exercises. 

Friinkel ® has described two classes of exercises— tnos . .-^t 

ridden and those for ambulatory patients. In bed, the patien 
to flex, abduct, adduct, and extend each leg separately arm .• 
simultaneously. The knees and hips are also exercised. l ^ . 

should place the heel of one foot on the knee of the opposi 
then pass it slowly do\vn the tibia toward the ^ay be 

should be carried out with the eyes opened and closed. • gjj. 

repeated twice daily for as Jong a time as the patient s condi i J 
fies. ^ vsi* 

For ambulatory patients, Friinkel has described the followi g 
uable series of exercises: 

r. The patient is placed with his back to a chair and to 

heels together, is asked to lower himself slowly into the cna 
rise in the same manner. Crutches or canes should not be 
may, however, be necessary at first to provide the patient wi 
support of an attendant. , ,roikinR 

2. One leg may be placed at the distance of an ordinal ' 

step in front of the other and then returned accurately to ° 

position. The patient may support himself during this exerci , 
necessary, with a cane . , .g. 

3. The patient is asked to walk several steps slowly and witn p 



References 


Chapter 151 A 1 
Voliune llj 

A laminectomy was performed and the compression due to the bony 
fragments was removed. For the last two years the patient has received 
massage, acti\e and passive movements, electrotherapy, and re-educative 
exercises. He is now able to walk with the aid of crutches. His ability to stand 
with the support of his crutch, at the end of die two-year period, is shown 
in Figure 13. Persistent daily re-educative exercises at home played a very 
important part in this man’s rehabilitation, and he was seen at frequent 
intervals after his discharge from the hospital, in order that new exercise? 
might be provided as bis condition improved, 

H. S., a 48-year-old housewife, was injured in an automobile accident and 
suffered, among other injuries, a fracture-dislocation of the fifth cervical 
vertebra. She immediately show-ed signs of a physiologic lesion of the spinal 
cord, with only a slight amount of motion in the arms and hands. The legs 
were completely paralyzed. For four months she had no treatment of any 
kind, and no attempt was made to reduce the fracture while it was still fresh. 
The improvement in her condition during that period was essentially nil 
\^Tien she was first seen m this clinic, it was discovered that she not only 
had an incomplete lesion of the cord but also a complete subarachnoidal block. 
The dislocation had e.xisted for too long a time to make reduction possible; 
therefore, a laminectomy was performed Immediately her symptoms began 
to disappear. She was started upon a course of systematic physical therapy 
including heat, massage, active and passive exercises. Her recovery was so 
rapid that she was discharged from the hospital fourteen days after the opera* 
tion, and in three weeks from the dale of discharge she walked into the office 
for a check-up visit. Physical therapy has been used continuously until the 
present, with special emphasis on re-educative active, purposeful movements. 
Now, less than one year after operation, she walks alone without a cane of 
other support of any kind, and she can use both hands accurately and 
normally except for a few fine movements. 
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Fio 14 —Flaccid paraplepla which re5uUcd from a fraclure-disJecatfen of the 
lumbar vertebra. The patient regained the use of his lower e\tremin« following pw 
sistent and intensive physical therapy. 


with a simple heat lamp and left exposed as long as possible to the 
open air. Only aseptic surgical technic should be used in the treaimen 
of such ulcers, and daily care is imperative. Frequent exposure 
ultraviolet light has been of great aid in the rapid healing of suefl 
lesions in our patients. 

In many spinal cord disturbances, perforating ulcers of the large toe 
and heel occur. These, too, must be kept clean and free froni in ec' 
tion. They are usually painless and begin as a callus or com. Uicer^ 
tion follows, and, if untreated, the bone may become denuded. Vs 
heat and ultraviolet light exposures aid materially in keeping ^ 
lesions dry and clean. 


^ Report of Cases. — The results which may be obtained by P 
sistent use of these therapeutic measures in spinal cord injuries m y 
be illustated by a brief recital of the following cases: 


C. D. (Fig. 14), aged 46, received a fracture-dislocation 
lumbar vertebra in an automobile accident in 1920. There was an immefliaw 
flaccid paralysis of both lower extremities. There was incontinence of un^ 
and feces and there was loss of sensation over the area supplied by the 
lumbar and all the sacral segments of the cord. Six weeks elapsed after 
injury before he was brought for surreal treatment. 


CHAPTER SIXTEEN 


PHYSICAL THERAPY IN BACK INJURIES 
Harry E. Mock, M.D. 

GE^•ERAL Back Injuries 

Backache is one of the oldest complaints of the human race. Failure 
of our profession to solve more thoroughly the cause or causes of this 
condition and to relieve adequately the sufferers from back pain has 
made this one of the most fertile fields in the category of human ail- 
ments for exploitation by the many unqualified to treat the condition. 
It is not the purpose of this chapter to offer physical therapy as a 
“cure-all” for these back conditions. 

For the physician who is seeing the occasional back condition, or 
who is unfamiliar wth the rather intricate methods of diagnosing or 
differentiating between the various back lesions, physical therapy may 
come as a new and easy experiment to be tried out on such cases. 
Undoubtedly a certain per cent of his patients will be benefited, but 
a large per cent will be unrelieved and disgruntled not only with the 
physician but ^vith the method. 

For the physician who is prone to diagnose low back pain as a 
“sacro-iliac disease,” or a painful back following injury, with negative 
x-ray findings, as a “back strain,” or a “slipping vertebra” or “slipping 
sacro-iliac,” and who has developied the habit of treating all these con- 
ditions by the rather simple method of applying a back brace or a 
special bell, physical therapy may be frowned upon as a time-wasting, 
needless procedure. True, rather a high percentage of his cases may 
be relieved of their back pain, but in a large number such a procedure 
gives too prolonged a disability and leaves many a working man more 
or less permanently disabled, due to the stiffening of the back muscles, 
ligaments and aponeuroses. 

For the surgeon who is thoroughly versed in the diagnosis and treat- 
ment of back lesions, who has tried out all the old methods of traction, 
casts, sacro-iliac bells and back braces, and who has seen the high 
percentage of failure to relieve many persistent low back pains, or to 
prevent permanent disability in many compression fractures, there has 
been a growing tendency to resort to operative procedure, viz., bone 
grafts, or other bone-bridging methods. Such a one, if he has become 
'vedded to operative procedures, may fail to give the time and energy 
necessary to carry out a thorough course of physical therapy before 
subjecting his patient to surgery. 
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From the advertisements in lay journals and from some of the 
therapeutic claims made by the manufacturers of certain physical 
therapy apparatus, it is evident that the pretensions of this form of 
therapy equal or surpass the fraudulent claims made for drug therapy 
in the palmy days of patent medicines. 

It may be asserted that the medical profession has no priority rights 
to massage, electrotherapy, mechanotherapy, or other physical therapy 
measures, but when it comes to dealing in human health and human 
life, no lay institution and no individual, be he physician or otherwise, 
has a moral right to practice this or any other form of therapy without 
a thorough knowledge of diagnosis and an adequate understanding of 
the given therapy. 

Review of the medical literature of the last two decades reveals the 
vast amount of thought and effort that has been given to this question 
of disabling back conditions. Many theoretical e.xplanations have been 
advanced by various authors to explain the causes of disabling back 
conditions, especially the low back pain. These theories have been 
adopted as positive facts by the profession. Thus we have run the 
gauntlet of “sacro-iliac slipping,” “sacro-iliac sprains,” or “sacro-iliac 
disease or displacements.” Then came the diagnosis of “lumbosacral 
sprain” and its differential diagnosis from “sacro-iliac sprain.” More 
recently the weight of opinion has swung from this mechanical or 
anatomic explanation for these conditions to a systemic or toxic basis, 
and thus the theory has been advanced that the true cause for many of 
these low back pains is a “myofascitis.” Still more recently we find 
great weight being given to faulty posture and to the abnormal ana- 
tomic construction of the spine. During the last two years almost every 
report of a roentgenogram of the back refers to the relationship of 
the fifth lumbar vertebra and the sacrum, and a faulty angle at this 
joint is frequent!}' assumed to be the cause of the trouble. 

Many of these diagnostic titles are still recognized by the profession 
as real conditions, while others have been discarded or are not recog- 
nized as of real importance. 

Schauffler ^ sums up the situation as follo^vs: 

Careful attention to the history and to the mode of onset and course of the 
back pain will help to decide whether one is dealing with a sprain or a 
mechanical strain. For years sacro-iliac displacements or sprains have been 
overplayed. Then the honors were divided between lumbosacral and sacro- 
uiac sprains or they were simply said to be a low* back sprain. Xow the pen- 
dulum has swung far to the opposite side and many articles in recent litera- 
ture claim that all these back pains are toxic. Myofascitis is the popular 

As alw-aj’s, the truth lies between the extreme views. There are lesions 
purely mechanical and any associated inflammation is of a traumatic tvne 
and not at all of a bacterial type. There are many others which are purely 
Jill 
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therefrom, and consequently injuries of the spine are liable to be complicated 
by involvement either of the spinal cord itself or of the emerging nerve roots. 
Furthermore, it is probably owing to the presence of the spinal cord that 
injuries of the spine are particularly liable to be followed by functional 
disorder. 

SIuscuLATURz. — The apparently complicated arrangement of the muscles 
of this region may be partly simplified by dividing them into separate layers. 
Of these, the first two appertain to the upper extremity, including the 
shoulder girdle, and the fourth and fifth layers are more truly spinal. 

First Layer: Trapezius, latissimiis dorsi 
Second Layer: Levator anguli scapulae, rhomboids 

Third Layer: Serratus posticus superior and inferior, splenlus colli, and 
capitis 

Fourth Layer: Sacral and Lumbar Regions — Erector spinae 
Thoracic Region: Iliocostalis, accessorius, longissimus dorsi, spinalis dorsi 
Cervical Region: Cervicalis ascendens, transversalis cer\’icis, trachelomas- 
toid, complexus, biventer cervicis, spinalis colU 
Fifth Layer: Semispinalis dorsi, semtspinalis colli, multifidus spinae, ro- 
tatores spinae, interspinales, extensor coccygis, intertransversales, rectus capi- 
tis posticus major and minor, superior and inferior oblique 


At first sight such a bald recital of the different muscles as given in text- 
books of anatomy is confusing and even irritating. Let us, therefore, en- 
deavor to simplify the problem as follows: 


Fourth Layer: The "erector spinae” has a strong tendinous origin from 
the iliac crest, the sacrum, and the lumbar spines, and divides into three 
muscular masses. 

The outer — the sacrolumbalis, with its prolongations, musculus accessorius, 
and cervicalis ascendens— is attached to the angles of the ribs. 

The middle — the longissimus dorsi, with Its prolongations, trans\ersalis, 
colli and trachelomastoid — is attached to the transverse processes of the 
vertebrae. 

Jhe inner — the spinalis dorsi, with its prolongations — is attached to the 
spinous procKses of the vertebrae. 

Fifth Layer: The greater part of (he muscles constituting this layer forms 
a mass nhich fills the space beltteen the tr3ns\erse and spinous processes of 
the vertebrae, and the general direction of the fibers is oblique. The inter- 
Iransversales pass between the transverse procKses of adjacent vertebrae and 
the interspinales, between the spinous processes. The semispinalis dorsi and 
colli, the multifidus spinae, and the rotatores spinae pass obliquely between 
1 ^^ processes and the vertebral spines. The more superficial 

bundles pass over several vertebrae, while the deeper bundles pass between 
adjacent vertebrae. 


Lumbar Aponeurosis.— Many cases of prolonged disability are caused by 
njuries of this aponeurosis, or, rather, by injudicious treatment of such 
mjuri^ by prolonged rest until adhesions and scar tissue have formed in 
anti about this structure or its extensions. 
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toxic; a myofascitis or arthritis is similar to muscular or joint rheumatism in 
the limbs or to a toxic neuritis. In the back there is also a large group of a 
mixed type. Posture was a predisposing cause, or injury an exciting cause, 
but the toxic element is responsible for the continuance of the trouble. 

It is evident therefore that before an adequate line of treatment can 
be developed for injuries of the back, a clear understanding must be 
had of the diagnosis and differential diagnosis of not only the trauma 
but all associated conditions which might influence the back disability. 


Anatomy of Back. — The anatomy of the back must be thoroughly 
understood if one is intelligently to treat injuries of the back. A remv 
of the regional anatomy once or twice a year is not too much to ask of 
the surgeon caring for back conditions. I am opposed to one’s becoming 
simply a “back specialist.” There is too great a tendency to interpret 
all general and local conditions in terms of back disease or injury. 
One must be a good general surgeon if he is to meet the many surr- 
eal problems presented by back injuries. Again, there are ^ 

associated injuries in distant parts of the body, in the , f, 
tremities, the abdomen (as a ruptured liver or kidney or bia J 
requiring general surgical knowledge which cannot be met oy 
genuine “back specialist.” 

Spine. — The surgical anatomy of the spine has been ^ 

many excellent anatomists and clinicians. Rather than repeat 
ent features of these articles the following quotation is ta 'e 


Fisher’s book on Manipulative Surgery 

A brief reference to some special points in the surgical pllons 

spine, and to the normal range of movement possible in the diner 
thereof, is an indispensable preliminary to any discussion of tne . 
therein which are amenable to manipulation and of the mampu a jg 

involved. For the general anatomy of this complicated region 
referred to th*e textbooks of anatomy. As, however, the latter but r 
any reliable information upon the movements of the spine, a on , nvett. 
will be given, in which we shall follow the admirable observations o 
The spine is an elastic column, the strength of which depends on 
that it consists of a number of vertebrae, the degree of movem 
individual bones being slight, but the sum of movement is . ^tren‘’th 

arrangement of the spine in a series of curves also gives far greater ^ 
to the spine, for a vertical force is decomposed by the curves. 
mechanical point in the spine is where the comparatively rigid dorsa t' 
meets the more mobile lumbar portion. . , •„5ijnes is 

The prolonged nature of the disablement following many spinal mju 
not difficult to understand if we bear in mind the extreme complexity 
region, and the multiplicity of the joints, ligaments, and muscles con 
therewith. The important fact must never be overlooked that the sp 
traverses the neural canal of the vertebrae and that important nerves 
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physiologic curve can be increased slightly, the greater part of the apparent 
movement occurring at the occipito-atlantal joint. 

Lateral Flexion . — ^As we have seen, this movement is always combined 
with a certain amount of rotation, but the lateral flexion factor is most 
marked in the lumbar zone It is interesting and important to note that when 
the spine is flexed, lateral flexion occurs at a higher level in this region, and 
at a lower level when the spine is hyperextended. 

Rotation . — In striking contrast to the lateral flexion element, the rotatory 
element is almost negligible in the lumbar region, but is most marked in the 
dorsal and cervical region. It is not difficult to understand why this should 
be so if the reader wll glance at the shape of the articular processes in the 
different zones. Here, again, when the spine is fixed, rotation occurs at a 
higher level than in the erect position, but when the spine is hyperextended, 
at a lower level. Thus, by altering the degree of fle.xion or extension of the 
spine, the effect of rotation and lateral flexion can be brought to bear on 
successive spinal regions 



Fic I — ConReiutal absence of upper left traiis\crsc process of sacrum Weak back for 
years Recently suffered sbght injury, with marked increase in back pain 


Pathologic Conditions. — The following classification is one adopted 
by the author for the purpose of depicting the pathologic possibilities 
in the spine itself as well as those pathologic conditions which are ex- 
traneous to the spine but which may cause referred pain in the back: 

I. Congenital Defects 

A, Absence of a vertebra or portions of one or more vertebrae 

(Fig i) 

I. Spina bifida occulta 
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Ligaments. — These are exceedingly numerous, and for their detailed d^ 
scription a textbook of anatomy should be studied. It will be sufficient merely 
to mention that not only are there ligaments which stretch between the ver- 
tebral bodies (anterior and posterior common ligaments and intervertebral 
discs), but also ligaments which connect the articular processes, laminae, 
spinous, and transverse processes. Further, there are ligaments connecting 
the heads of the ribs with the bodies of the vertebrae, and others connecting 
the necks and tubercles of the ribs with the transverse processes. In the upper 
cervical and lumbosacral region there are other important ligaments having 
special functions. 


Spinal Surgical Landmarks. — A few of the most important and essential 
of these are given. Five minutes spent in committing them to memory will 
be amply repaid. 

Root of Spine of Scapula: Interval between third and fourth dorsal spines 
Inferior Angle of Scapula: Interval between seventh and eighth dorsal 
spines 

Highest Point of Iliac Crest (Interiliac Plane): Fourth lumbar spine 
Posterior Superior Iliac Spine: Second sacral spine 
Spinal Cord Ends: First lumbar spine (transpyloric plane) 

Spinal Theca Ends: Third sacral spine 


Movements of the Spine. — ^The actual movements in the spine itse 
are really less than might at first sight be assumed on observing ‘“‘Y® ^ j 
flexion, for a considerable amount of the apparent movement is pelvic 
takes place at the hip joints and some of the movement occurs between 
skull and the spine. , . ,, 

If we are desirous of ascertaining the actual movements of the spine i se » 
some means must be taken of fixing the pelvis, and correction must be mane 
for rnovement at the occipito-atlantal joint. Similarly, if exercises and passive 
manipulations are performed which are intended to act upon the spine a i 
the pelvis should be fixed. 

The actual movements may be divided into flexion, extension, and a com- 
plicated movement— lateral flexion rotation. There is no such moyemem a 
a pure lateral flexion, for a certain amount of rotation inevitably . 
panics this. Similarly, rotation Is always accompanied by a certain . 
of lateral flexion. It is important to remember, however, that there is a ^ 
tion m the degree of the rotatory and the lateral flexion elements, respej 
lively, in the various regions of the spine. The nature of the movemenis 
largely influenced by the shape and the direction of articular surface^' 
Flexion {Bending Forward ). — This movement is most 
lumbar region, and is possible until the normal forward convexity is P 
tically obliterated. The movement is more marked, therefore, m tne lyw , 
part of the lumbar region. In the cervical region flexion can occur until n 
physiologic curve is obliterated. Most of the apparent movement . 

really occurs at the occipito-atlantal joint. In the dorsal region foma j 
movement is very slight, but the normal convexity back^vard is slightly 
increased. 

Extemion {Bending Backward).— -nds movement is most free in fj' 
lumbar and the two lower dorsal vertebrae. Very little movement in ‘ 
direction occurs m the remainder of the dorsal region, and in the neck tne 
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II. Postural and Acquired Defects 

A. Kyphosis 

B. Scoliosis 

C. Lordosis 

D. Spondylolisthesis 

E. Dorsal round back 

F. Posterior displacement 

G. “If the spinal column is not deviated laterally and its nor- 
mal lordotic and kyphotic anteroposterior curves are not 
exaggerated; if the spinal curves which are associated with 
the habitual posture of the individual are not so extreme 
as to threaten or produce joint and muscle strain or disturb- 
ance of the visceral relations; if the posture is such that 
there still remains a ‘margin of Kifety’ which allows more 
mobility in all directions, the spinal curves and the weight- 
bearing lines of the lower extremities may be said to fall 
within normal limits for the individual under considera- 
tion.” ® 

III, Diseases of the Back 

A. In the spinal column proper 
X. Osteo-arthritis 

(a) Usually hypertrophic 

(b) Ankylosing arthritis (Strumpell-Marie disease) 

(c) May be destructive type 

(d) Of unknown infectious origin 

(e) Neisserian 

(f) Toxic, traumatic 

2. Synovitis (lateral articulation) 

3. Osteomalacia- 

4. Kummell’s disease 

5. Vertebral epiphysitis 

6. Herniation of intervertebral disc 

7. Abscess of disc 

8. Spondylitis 

(a) Tuberculosis 

(b) Osteomyelitis 

(c) Syphilis 

(d) Typhoid spine 

(e) Sporotrichosis, etc. 

9. Tumors 

(a) Usually metastatic carcinoma 

(b) Sarcoma 

(c) Giant-celled tumors 

(d) Hypernephroma 

(e) Hcmangiom.i of vertebral bodies 
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2. Hcmivertebrac 

3. Klippcl-Fcil syndrome (absence of two or more cervical 
vertebrae) 

B. Extra vertebrae 

1. Eighth cervical 

2. Sixth lumbar 

3. Fourth lumbar 

C. Faulty angulation of fifth lumbar on sacrum — a congenital 
spondylolistliesis 


Tic j — Sac"Iizcd 5th lumbar \erlebra on left side. 

D. Sacralized fifth lumbar (Fig. 2) , . 

E. Elongated fifth transverse process definitely impinging P 
or articulating with (he sacrum or ilium 

F. Cervical ribs 

G. Malpositions of the cfxcyx 
H Separate neural arch 

I. The slender individual with almost a straight spinal colum . 
the^ long-waisted type, seen most frequently in the near 
or in subjects prone to develop functional disorders 
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3. Contusion of the cord 

4. Hemorrhage into the cord 

5. Tearing of the nerve roots 

(a) Brachial plexus etailsion 

(b) Cauda equina lesions 

C. Surrounding the spinal column — ^Soft tissue injuries 
I. Strains — traumatic lumbago or myofascitis 




Fic 3s— Fntture of ist cmi’cal \ertcbra— lateral ne». 
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B. Within the spinal canal 

1. Spinal meningitis 

2. Spinal syphilis 

3. Tabes dorsalis 

4. Syringomyelia 

5. Multiple sclerosis 

6 . Cord tumors 

7. Poliomyelitis and myelitis 

8. Cord changes due to pernidous anemia 

9. Extradural abscess 

10. Myeloma 

11. Vertebral artery aneurysm 

C. Surrounding the spinal column . . v s 

1. Muscular rheumatism, myositis, myofascitis (lumbago; 

2. Psoas abscess or mediastinal abscess 

3. Boils, carbuncles, or abscesses wth scar tissue forma 10 

4. Osteomyelitis or tuberculosis of sacro-iliac joint 

5. Tumors of soft tissues of back 

(a) Lipomas 

(b) Pilonidal cysts 

(c) Malignant tumors 

6. Progressive muscular atrophy 

7. Neuritis 

(a) Herpes zoster 

8. Bursitis 

IV. Injuries of the Back 

A. In the spinal column proper 

1. Fractures of body or lamina * 

2 . Dislocations 

3. Fracture-dislocations (Figs. 3a, 3b) 

4. Fracture of spinous or transverse process 

5. Dislocation at vertebral costal joint 

6. Inpingement of eleventh and twelfth ribs 

7. Impingement of spinous process 

8. Sprains 

(a) Sprain-fracture at tip of transverse process 

(b) Associated with partial displacements or rotaU 

(c) Tearing off of osteo-arthritic spur 
9- Partial displacements 

/u\ upon the axis 

(b) Lumbosacral 

B. Within the spinal canal 

1. Compression of the cord 

2. Laceration of the cord 
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D. Sacro-Iliac 

(a) Strains 

(b) Sprains 

(c) Partial dislocation 

(d) Complete dislocation 

(e) Traumatic arthritis 

(f) Associated with fractures in the pelvic girdle 

E. Coccyx 

(a) Fractures 

(b) Dislocations 

(c) Contusions 

V. Possible Types of Associated Injuries with Traumatic 

Back 

A. Head 

1. Skull fracture 

2. Cerebral injuries 

B. Chest 

1. Fractured ribs 

2. Penetrating wound of lung 

3. Pleuritis 

4. Injuries of scapula 

C. Abdomen 

1. Rupture of mesentery 

2. Rupture of liver 

3. Rupture of spleen 

4. Rupture of kidney 

5. Rupture of stomach or intestine 

6. Contusions of one or more of these viscera 

7. Rare injuries to gallbladder or pancreas 

D. Pelvis 

1. Fracture of pelvis 

2. Rupture of bladder 

3. Rupture of ureter 

4. Contusion of urethra 

5. Bladder and rectal disturbances 

6. Rare injuries to pelvic viscera 

E. Extremities 

r. Brachial plexus irritation, paresis, or paralysis 

2. Sciatica 

3. Paresis or paralysis 

4. Fractures in one or more extremities 

VI. Othee Diseases Which JIav Cause Painful ob Pathologic 

Backs 

A. Focal infections 
I. Tonsils 
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2. Sprains — tearing of ligaments 

3. Adhesions about the joints or in the lumbar aponeurosis 

4. Muscle changes 

(a) Tearing of muscles 

(b) Fibrositic deposits 

$. Peripheral nerve injuries near exit from spinal column 

6. Traumatic wyneck 

7. Contusions 

8. Hematoma 

9. Burns 

(a) Scar contractures 

10. Foreign bodies 

11. Penetrating and lacerating wounds 

12. Lumbar hernia 




Fig ib — Antcroposlrnor \iew shous slight lateral dislocation 
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C. The injury may aggravate existing disease 

1. Osteo-arthritis of spine 

2. Myofascitis 

3. Tuberculosis of spine 

4. Aggravating a preexisting deformity 
(a) As in an old infantile paralysis 

It is evident from the above outline of the more common pathology 
involved in this question that the diagnosis and the differential diag- 
nosis of back injuries and back disease furnish some of the most com- 
plicated problems found in medicine. 

Diagnosis. — The gross lesions of the back following trauma, such 
as a definite compression fracture or a dislocated vertebra, are not 
difficult to diagnose provided proper attention is paid to the history 
of the injury and to the complaints of the patient, and suitable 
x-ray pictures are taken. Even in these conditions a thorough general 
examination is necessary to discover associated injuries or signs of 
associated disease, postural defects, or infectious conditions which 
may aggravate the injury and be of great importance in the prognosis. 

Since Davis (Vol. II) deals with spinal cord injuries which usu- 
ally follow fractures or dislocations of vertebrae, conditions of this 
type wll not be considered in this chapter. 

The less serious back traumas are far more difficult to diagnose. 
So many associated conditions, both in the spinal cord and in the gen- 
eral systemic examination, have a potential influence that it requires 
the greatest ingenuity on the part of the examiner to differentiate 
between these and the alleged trauma. 

History. — The history of the case is of the greatest importance in 
diagnosing these back injuries. If the patient is brought into the hos- 
pital following a major accident, for example, after a head-on colli- 
sion between two automobiles, the history develops potentialities for 
all kinds of major and minor injuries to the individual. Here a care- 
ful physical examination is made of the head, neck, chest, abdomen, 
back, pelvis, and extremities, and often a catheterized specimen of 
urine is obtained to ascertain the condition of the kidneys, bladder, 
and urethra. The x-ray is brought in as a diagnostic aid as soon as the 
condition of the patient warrants. The injury to the vertebra is dis- 
covered either as the sole injury or as associated with a skull fracture, 
fractured ribs, a fractured pelvis, or other injuries. 

However, in those disabling back conditions which fail to show defi- 
nite x-ray patholog>’ or which develop several days after the alleged 
m3ury, the history assumes greater importance. How severe was the 
mjury? When was it received? Was the injury due to a direct or an 
jndircct force? Has the patient been subject to backache? Have there 
been previous injuries to the back, and if so, what was their nature 
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2. Teeth 

3. Sinus infections 

4. Acute or chronic infections anywhere in the body 

B. Aneurysm or tumors 

1. In chest 

2. In abdomen 

3. In pelvis 

C. Abdominal conditions 

1. Gallbladder disease 

(a) Referred paiyduring gallstone colic 

(b) Constant ba<^ pain may be only sign of gallstones 

2. Appendicitis — especially retrocecal appendix 

3. Ulcer of stomach 

4. Colitis, especially spastic constipation 

5. Diverticulitis, especially of sigmoid 

6. Hernia 

D. Kidney conditions 

1. Pcrinephritic abscess 

2. Kidney or ureteral stone 

3. TiWsting of pedicle of kidney — Dietl’s crisis 

E. Retroperitoneal conditions 

1. Tumors 

2. Enlarged glands 

F. Pelvic conditions 

1. Displacements of uterus occasionally 

2. Tumors of uterus 

3. Infections of adnexa 

4- Cysts of ovary — twisted pedicles 

5. Prostatic disease 

(a) Inflammatory 

(b) Tumors 

Vi:. Any of the Above Diseases May Exist at the Time or A 
Given Injury to the Back 

A. The injury may be only coincidental, neither 
nor contributing to the disease 

1. As in metastatic carcinoma of spine 

2. As in gallstones 

3- As in tumor of abdomen or of prostate 

B. The injury may be a contributing factor 

1. As in osteomyelitis of spine 

2 . As in Uvisted pedicle of ovarian cyst . . 

3. As in acute gallstone colic developing shortly after _ 

4. As in acute retrodisplacement of uterus coming 
mediately after injury and persisting until relieved 
manual replacement 
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into varied types of traumatic neuroses. It is sometimes extremely 
difficult to distinguish between the true organic and the functional 
condition or properly to evaluate each when there is a mixture of both 
in the same case. 

X-Ray. — T he x-ray is invaluable in the diagnosis of back injuries. 
It is too often neglected in cases resulting from rather minor accidents 
or is not resorted to until weeks or months later. The late x-ray may 
show osteo-arthritic changes or other findings, and because of the 
failure to take the earlier x-ray, one is unable to say definitely that 
this or that condition was preexistent and that it has no relationship 
to the alleged injury. 
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and when? WTiat was the position of the patient when injured— sit- 
ting, standing, bending over, or erect? Has he had recent toothache 
or tonsillitis or have teeth been pulled or the tonsils removed recently? 
Has he been subject to colds or sinus trouble? What is the condition 
of the bowels? Has appendicitis been diagnosed or an appendectomy 
performed? Has he been jaundiced? In the case of a woman, have 
there been any pelvic complaints? In the case of a man, is there a 
history of urinary or prostatic trouble? Has there been any ^ 
loss or decided gain in weight recently? Has there been any loot rou- 
ble or pains in the calves of the legs or thighs? is the esa 
nature of his or her work? Has there been any recent change irom 
sedentary to heavy occupation? What have been the past i n s 
What is the family history? _ . , ,, , , 

These and every other possibility which might throw light p 
the alleged back disability must be delved into in the lustoiy. 


Physical Findings. — ^T he complete physical examjnab 
equal or usually greater importance. If the case is ^ ^ 

accident, the examination starts with the bead and Jjclua , , 
part of the body that might have been injured, nermiis. 

routine examination as soon as the condition of the ^ ^ 

If the patient complains of back disability from ...ting 

the injured part is first examined and this is followed by a p . 

complete, general examination. Each physician should deve p • 
routine for this or any other examination in order not to ove 

If the patient is in bed, it may be difficult to turn him 
examination of his back, but this should be done, if at a P 
care being taken to avoid undue pain of movement or . .j jg 
increasing his trauma. If the case Is ambulatory, ij stand 

best started with the patient sitting on a stool. Later he s 
and, finally, he should be in the prone position on the ® 

Close but unobtrusive observation of the patient shou 
during the taking of the history, while he is undressing, a 
the examination. Often data will be obtained in this way v' 
be invaluable in arriving at a true diagnosis. fompres- 

In the case of a severe trauma to the spine, for ^.y^osis if 

sion fracture, one seldom encounters signs or symptoms ol n 
it has been properly treated. On the other hand, the signs an 
toms in some of these less severe back injuries are so i.-jnts 

difficult for the patient to express, or give such jejan to 

that there is too often a tendency on the part of the P^y® 
classify the case as one of traumatic neurosis. Hnquestionaoiy 
back injuries, due to failure to receive relief after many cna ^ 
physicians and in the lines of treatment, or due to •- sufier- 

a “broken back,” or due to a desire for compensation for tnei 
ing, abetted frequently by over2eaIous relatives or la^vyers, do 
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X-ray, both views being taken within two to four weeks and still 
another being made within a few weeks thereafter, if necessary. Too 
often the compression fracture will not shoiv on the first films but 
the compression gradually occurs due to movement or weight-bearing, 
and the later film reveals the true condition. In the case of persistent 
trouble, the second, third, or even the fourth film will be the only 
means of diagnosing the traumatic arthritis or the secondary tumor 
that, rather than some minor injury which was coincidental, most 
probably was the original cause of the back pain. 

The following case reports illustrate these points concerning x-ray 
examination; 


Case i. — Dr. T,, aged 52, attended a medical meeting. When he sat down, 
the chair slid from under him. As he fell forcibly to the floor, the back of the 
chair struck him in the mid-dorsal region. He was immediately in excruciat- 
ing pain and was earned to a couch in the anteroom. As soon as the essayist, 
a noted surgeon, was through, he went to the injured doctor, e.xamined him 
through his shirt, felt a swelling over his mid-dorsal spine, and advised that 
he be taken to the essayist’s hospital at once for what was most probably a 
subluxation of a dorsal vertebra. The patient was moved to this hospital 
and early the next morning x-ray pictures— both views — were made of his 
spine. An hour later the surgeon and the roentgenologist came to the patient's 
room, bringing the .x-rays with them, and told him that nothing was broken 
or dislocated in his spine and that he would be all right after a few days' 
rest. No further examination was made by this surgeon. The doctor suffered 
severely and required morphine for four or five days. He had a special nurse 
who rubbed his back but othenvise no treatment was given. At the end of a 
w'cek the patient called an excellent internist. He examined the patient 
thoroughly and also examined the x-rays. His findings rexealed almost com- 
plete absence of breath tones in the left chest, tenderness over the mid- 
dorsal vertebrae, a spasm of the muscles on attempted deep breathing, and 
an extremely nervous individual. During the second week the surgeon began 
to plague the doctor about being a “neuro” and the latter sensed this to be 
the feeling of most of the hospital staff. Therefore, on the advice of the 
internist, he left the hospital on the fifteenth day, going to his home. On the 
sixteenth day, fearing that perhaps be was a “neuro,” this doctor got up and 
dressed and went to his office in a taxicab. He could hardly stand the 
jolts of this ride and after a few hours in his office he collapsed. The pain 
w-as extreme and he could hardly breathe. He was taken home and the 
internist was called, who again found a spasm of the back and chest muscles 
°^the least effort at deep breathing. He adrised the doctor to remain in 
bed. The internist again visited the hospital and examined the old x-ray’s 
but could find no sign of injury to the xertebrae. The doctor reniained 
m bed for a month, although after a week he could be helped to the toilet 
•*y end of the month the internist agreed with the original surgeon 
that this was a case of neurosis His opinion was strengthened by the^ct 
i. d.octor planned a lawsuit against the hotel where the mectinc was 
held, holding a defectixe chair responsible for his injuries. “ 

internist asked the author to see this doctor stat 
that »hile he «as a '•neuro," yet he mijht have some injury to his’bacL 
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Always x-ray the spine at the site of the alleged injury when the 
patient first presents himself. If the site of the injury is not definitely 
localized, x-ray well above and below the injured part. In many cases 
it is safer to x-ray the entire spine. 

It is still necessary to emphasize and reemphasize to the profession 
the importance of taking both an anteroposterior and a lateral vkis 
of every spine requiring an x-ray, no matter •whether for an injury or 
for a suspected disease. Hardly a month goes by that I do not see one 
or more patients with a definite vertebral injury who has been in the 



Fjc 4b— Same case with lateral »ie«' made three «wks later showing marked com- 
pression fracture of rath dorsal vertebra. 


hands of some other physician and who has had an x-ray examinahW 
yet, when he is x-rayed at our hospital, the lateral views shown c 
pression fracture. Asking for and examining the first x-ray fife 
find that only an anteroposterior view had been made. This 5' 
take the lateral view accounts for far too many failures in tliagn 
and far too many cases of prolonged back disability due to inadequate 

treatment (Figs. 4a, 4b). 

Again, if the first x-ray picture is negative and yet the S'S"® 
symptoms of injury persist, one should always resort to a second 
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The doctor was rather difficult to treat but gradually recovered from his 
pain and discomfort under rest, heat, massage, and a body corset. 

This case illustrates the failure to secure a complete history or to 
give sufficient weight to certain facts in the history; the failure of the 
original surgeon to examine the patient thoroughly; the failure to take 
a second x-ray W’hen the signs and symptoms persisted; and finally, 
the failure to treat the case adequately because of failure properly to 
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It took three-quarters of an hour to secure a complete history from the 
patient. Examination showed a dcrinitc knuckle deformity over the eighth 
dorsal vertebra. He had several variable tender vertebrae, but the tenderness 
was always constant and marked on pressing over this eighth dorsal. At the 
writer’s suggestion he was taken to St. Luke's hospital the next morning 
for an x-ray and possible treatment. 

The x-ray examination the next day showed in both views a very marked 
compression fracture of the eighth dorsal vertebra (Figs, sa, 5b). ^ter I ex- 
amined the original x-rays and agreed that they failed to show this fracture. 



Fig sa— Lateral Mew pf first j-ra> taken the day foHowing the injury an*! shoHUig 

no fracture 



Diagnosis “Turn ill 21 

The doctor was rather difficult to treat but gradually recovered from his 
pain and discomfort under rest, heat, massage, and a body corset. 

This case illustrates the failure to secure a complete history or to 
give sufficient weight to certain facts in the history; the failure of the 
original surgeon to examine the patient thoroughly; the failure to take 
a second x-ray when the signs and symptoms persisted; and finally, 
the failure to treat the case adequately because of failure properly to 



Fic %ie« of .nd T-ray of smo cose ulon four months laler shonino t 

marked compression fracture of 8th donaf vertebra 
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It took three-quarters of an hour to secure a complete history from the 
patient. Examination showed a definite knuckle deformity over the eighth 
dorsal vertebra. He had several variable tender vertebrae, but the tenderness 
was always constant and marked on pressing over this eighth dorsal At the 
writer’s suggestion he wms taken to St. Luke’s hospital the next morning 
for an x-ray and possible treatment. 

The x-ray examination the next day showed in both views a very marked 
compression fracture of the eighth dorsal vertebra (Figs. 5a, 5b). Later I ex- 
amined the original x-rays and agreed that they failed to show this fracture. 
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Traumatic Lumbago, Myofascitis. — The differential diagnosis 
between the traumatic back and certain diseased conditions is not 
always easy but is of prime importance both in prescribing treatment 
and in those cases of a medicolegal character where the honest opinion 
of the surgeon is necessary in deciding between liability and non- 
liability, compensation and noncompensation. 

In the case of a slight injury followed by a painful low back, the 
question as to whether this is a “rheumatic lumbago” or a “traumatic 







Fic 6— Lateral view of spine in case of Mr. B showing compression fracture of first 
and third lumbar tertebrae 

lumbago” is answered with difficulty. Muscular rheumatism or a myo- 
fascitis very frequently attacks the erector spinae muscles. If the 
patient states that he was lifting when the attack suddenly started or 
that he was carrying a heavy desk with a fellow employee who dropped 
nis end of the desk, throwing all the weight of the desk upon the 
patient, or that he slipped upon some grease while walking through 
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diagnose the condition. The mistake of calling him a ‘'neuro” is the 
usual mistake when all these failures are present. 

^ Case 2. — ^Mrs. M., aged 40, married, sustained a fall of little consequence 
m March, 1929, Approximately two weeks later she complained of pain in 
her lower back. A good surgeon Avas consulted and after obtaining this hhtory 
of falling and after examining her and finding pain and tenderness near the 
left sacro-iliac region, he had an x*ray picture made. This was negath-e. The 
diagnosis of sacro-iliac sprain was made and the patient was treated with 
heat, massage, and strapping. The pain persisted and finally, after five 
months of treatment without relief, the surgeon made another x-ray esam- 
ination. This film showed a marked metastatic carcinoma of the left ilium, 
near the sacro-iliac joint. 

Together with the surgeon, I saw this patient and helped to ej^lain (0 the 
husband that his wife had a hopeless, incurable condition and tried to mahe 
him understand why it showed in the second x-ray when It did not show in 
the first one. Of course, the condition could have been discovered earlier by 
the principle laid do^vn above, viz. — ij a condition persists and the prst i-wyi 
wre negative, repeal the x-ray -within jour weths and repeat again in « 
weehs, if necessary. 


Case 3.— -Mr. B., aged 60, an engineer, fell from his engine and 
back across a rail. He was carried to his home and the doctor was called- 
Examination was negative, but the doctor suggested that if the patient was 
^11 in j^in the next morning, he would take him to the hospital for an x-ray. 
"rae next morning, however, the patient was better and no x-ray was tai.en 
then or at a later date. After a week this patient got out of bed and 
around the house and yard but always complained of pain in his spine when 
he tfl*d to get up from bed or from a chair and again when he tried to si 
down. After six months he was sent to me for an examination, with the 
statement from his doctor that the old man was making too much out of nis 
injury and wanted to gel a pension. 

The history was important, namely, the fall across the rail. The patien 
acted perfectly natural and showed none of the earmarks of exaggerahnS 
his complaints. The examination showed a definite spasm of the musdes m 
the lumbar region when he attempted to rise from the sitting position Palpa- 
tion over the vertebrae showed no variable points of tenderness but always a 
constant point of tenderness over the third lumbar vertebrae. The x-ray 
pamination confirmed my diagnosis of compression fracture of the thir 
lumbar vertebra. There was also a compression fracture of the first luniban 
These fractures, however, did not show upon the anteroposterior view and 
without the lateral view would have been missed (Fig. 6). 


The failure to take an x-ray here resulted in a wrong diagnosis and 
later to the patient’s being called a "neuro” or exaggerator. 


Differential Diagnosis. — One must be alert to discover diseased 
conditions of the spine which simulate, in their early stages at least, 

trnnmnttr hr>rl- ' 
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Examination showed an old man who was definitely suffering pain. The 
back examination 'xas negative except for some limitation of motion that 
could easily be due to osteo-arthritis, and for a definite, constant point of 
tenderness in the region of the fourth lumbar vertebra. The rectal examina- 
tion revealed an enlarged, indurated prostate that Mas undoubtedly malignant. 

X-ray examination showed a destructive process in the body of the fourth 
lumbar vertebra. 

Diagnosis was readily made of primary carcinoma of the prostate with a 
secondary growth in the vertebra. 

The complete physical examination, including the rectal examina- 
tion, combined wth the later follow-up x-ray examination, made it 
possible to differentiate this from an accidental or traumatic condition. 

It likewse saved the village of R a considerable sum of money 

when suit was brought to collect damages for the alleged accident. 

Disproving Alleged Stiffness. — I have mentioned the importance 
of unobtrusively observing a patient carefully during the examination. 
Occasionally a patient Mill complain of stiffness in the back and during 
the examination will show definite limitation of flexion movement. 
When the examination is completed, see that the patient's clothes are 
lying on the floor. Tell him to dress and then apparently leave the 
examining room or otherwise seem to pay no attention to the patient. 
Occasionally such a patient will lean over and pick up his clothes, 
showing that now that the examination is over his back is not nearly 
so stiff as it was during the examination. 

One of my favorite ways of disproving an alleged stiffness in the 
back is the following: I slip on a glove and tell patient that I want to 
make a rectal examination. The patient is placed in front of a low 
table or chair; finger is inserted in the rectum and of course it is 
painful; patient is told to lean over the table or chair and it will not 
be so painful. The examination is kept up until the patient has flexed 
his back equal to any normal flexion. These and many other methods 
can be adopted to prove the neurosis or malingering cases. 

Diagnosis has been considered at length before taking up the prob- 
lems of treatment because of the surprisingly large number of these 
back injuries which receive various lines of treatment although no 
definite diagnosis of the real condition has been made. I have seen 
many patients who should have been in bed at absolute rest, going 
daily to a doctor’s office for physical therapy treatment, namely, 
quartz light treatment, or more often, diathermy, or in some instances, 
baking and massage. Some of these patients have had compression 
fractures undiagnosed. Other patients with trivial injuries have been 
kept in bed for weeks, or fitted wth a Taylor belt or given physical 
therapy treatments, usually light or diathermy, and have developed 
true neuroses chiefly because of overtreatment. Therefore one cannot 
J^ite concerning the traumatic back without emphasizing the imoor- 
tance of diagnosis. The two must go hand in hand. 
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the factory; if there were witnesses to this slight accident; and finally, 
if the examination reveals a definitely lame back, then it is practically 
impossible to disprove the injury element. Even if there is a past hiS' 
tory of lumbago and the findings are definitely those of lumbago, the 
slight accident can be held * ^ ...j-. 

tion. On the other hand, if ' 

when arising from bed or i 

Saturday afternoon of help ^ / 

of accident seldom arises and the case is clearly one of “rheumatic 
lumbago.” As a rule, both conditions are exactly the same. In these 
indefinite back conditions the question of injury would not be raised 
so often if an accident insurance policy or an employer’s liability law 
was not involved. 

Posture, Body MECitANics, Feattoot.— In all cases of back injury 
or backache, especially in the low back pain, the surgeon must search 
for faulty posture, poor bodily mechanics, and such defects as flatfool. 
A third degree flatfoot is very frequently the active etiologic factor m 
the alleged traumatic back, the slight injury being only the exciting or 
contributing cause. Months of prolonged treatment in such cases may 
be avoided by discovering and stressing the treatment of the natioot 
condition. 

Tuberculous Spondylitis. — This may be the cause of 
and disability for which some trivial injury is held responsible. 
appearance of a psoas abscess may be the first indication which tne 
patient develops to show the true condition. 

Kummell's Disease, — Kummell’s disease, or the development of a, 
traumatic spondylitis months after the injury, must be differentiateu 
from the tuberculous spondylitis and from the osteoporotic type o» 
arthritis. ^ . , 

In those regions still subjected to typhoid epidemics the “typnoia 
spine” must likewise be considered in a differential diagnosis. 

Metastatic Malignancy.— This has already been mentioned. The 
spine is a very frequent site for these metastatic malignancies, far X 
the x-ray may be negative, but one must persist in the x-ray ^ 
the spine whenever the possibility of this condition is known to exi 
or can be suspected. 

Case 4. — M. T., 63 years old, slipped on the ice while working 

vilbge of R . He completed his day's work but the next day MO i; 

in his back and therefore went to the village physician. An x-ray was la 
but was negative. His back was strapped. Pain persisted but he «s auie 
wort off and on for a few weeks and then was forced to quit. AOom 
months tollomng this alleged accident he was referred to me for 
and opinion as to whether it was a tiaomatic back, and tor sugge™ 
as to treatment. 
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If you have no physical therapy department, get one. Do not refer 
your cases to nonmedical physical therapists or to unsupervised tech- 
nicians, or to the club gymnaaum or to similar places where you lose 
the essential control of the patient and the more essential continued 
interest in his recovery. 

Spinal Fractures with Cord Injury 

Fractures should be divided into those cases having signs and symp- 
toms of cord injury and those without cord injury. 

Davis (Vol. II) deals ^^^th fractures involving the cord, and, there- 
fore, these will not be considered here. However, one cannot refrain 
from pointing out the importance of using physical therapy methods 
in such cases. Many of these cases seem hopeless, even after an early 
laminectomy. Nevertheless, a certain percentage of the hopeless cases 
do recover. Nothing is more pitiful than to see a patient with a 
fractured back accompanied by paralysis gradually regaining some 
power in his legs and yet unable to walk, even with crutches, because 
his feet have been allowed to ankylose in an extreme equinus position. 

Treatment. — A laminectomy is important, but the after-treatment 
of these cases is equally, if not more, important. Within the first 48 
hours some method of protecting the feet from the disabling foot-drop 
position is essential. One can use sand bags or, better, a padded splint 
fitted to each foot ^fith an elastic extending from the top of the splint 
to the leg just below’ the knee where it is attached by a small piece of 
tape. 

Within the first week, light stroking massage of the extremity, from 
the foot to the hip, should start. This should never be a heavy massage, 
lest one injure the blood vessels now so poorly protected by the 
paralyzed muscles. As time goes on, the firmness of the massage may 
increase. This can be judged by the tone of the muscles. 

Muscle-training exercises, similar to those described in the chapter 
on infantile paralysis (Legg, Vol. II) and in the chapter on brain and 
spinal cord lesions (Davis, Vol. II), should start not later than the 
second week and should be persisted in for months or until the patient 
can begin to exercise and train his own muscles. WTien this stage is 
reached, occupational therapy planned for a definite purpose will be 
helpful in improving function. The swimming and underwater exer- 
cises so well described by Lowman (Vol. Ill) can be utilized in these 
cases to great advantage. 

The following two cases will emphasize the above points: 

Case 5. — M. T., aged 40, suffered a compression fracture of the first 
umbar vertebra with immediate paralysis of both lower extremities. A 
laminectomy was performed. The patient then lay in bed for eight months 
K w V ® was transferred to a wheel chair. At the end of a year and a 
naif, he entered the surgical ser\ice at St. Luke’s hospital, under the care 



on r Chapter le 
Ivolumo II 


Physical Therapy in Back Injuries 


Physical Therapy Axioms for Back Treatment 

Given a trivial injury in a nervous individual who shows a tendency 
to exaggerate his condition, one can often rub in more disabling con- 
ditions in a week than he can rub out in a year. 

In such an individual, as well as in other neurotic types, one can 
employ diathermy, quartz lights, infra-red bakers, and similar appa- 
ratus to the extent of impressing him with the seriousness of the 
situation and thereby aggravating the neurosis. 

The fitting of a back brace or a sacro-iliac belt is occasionally 
indicated in certain cases, but in many others such a procedure is 
equivalent to dooming the patient to a life of invalidism. 

It is often more difficult to get patients who have recovered from 
back injuries to give up their back braces than it is to get some old 
fractured cases to give up their crutches. . , 

If a patient is a compensation case, the back brace often is m 
etiologic factor in a compensation neurosis. The “railway spines 
yesterday have been replaced by the “traumatic neuroses ot 
Given an ambulance-chasing lawyer and his medical cohort 
such a case tvith a cumbersome back brace and you have a com 
tion hard to beat. . * ♦ 

The spine is made up of numerous joints which are adjacent to 
tVi'o large sacro-iliac joints. Immobilize these joints ior an;y leng 
time and stiffness is bound to follow. Massage and exercise 
two best means of combating ankylosis here as well as in i 

He who treats back injuries must know or have access to mtei g 
physical therapy. _ „ 

Machine therapy alone is not intelligent physical therapy. * . 

turn a “light” on these old back cases from now until doomsday 
out any effect. . 

If desirable, use a light or diathermy machine to heat the 
follow this with massage, muscle-training exercises, and graa 
doses of work if you want a cure. , «_^ts 

Physical therapy in 90 per cent of the cases consists 
of trained hand work and of ability to ^t the patient to help 
In the other 10 per cent of the cases it may be necessary to con 
with these some form of machine therapy. . . ...g 

Common sense and judgment are essential qualifications m u $ 
prescribing physical therapy. . to 

“A little knowledge is a dangerous thing” is especially app 
a technician. A talkative techniciaQ or one wedded to a 
operandi may drop a remark, make a suggestion, refuse to JopP 
because her method is better, or otherwise sow seeds of ^ 

dissension in the patient’s mind to the extent of nullifying the oei 
of the physical therapy treatment. 

A trained technician may administer, but the surgeon must sup: 
vise the physical therapy treatment. 
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of Dr. Holmblad. The patient could move his legs, but the lower extremities 
were entirely and markedly atrophied. The knees could be flexed with slight 
assistance. The feet, however, were clawlike and were fixed in an exaggerated 
equinus position. If the patient was held in an upright position, his weight 
rested directly on the tips of his toes. Dr. Holmblad fitted leg and thigh 
braces on this patient with a caliper arrangement which held the feet just off 
the floor when the patient rested his weight on the base of the calipers. Daily 
massage, muscle-training exercises, and lessons in walking with the aid of 
crutches and the braces comprised the plan of treatment. The patient im- 
proved in strength but mil probably never be able to do without his braces 
and walking calipers. This is the picture of the patient who received good 
surgical treatment as far as the laminectomy was concerned, but extremely 
poor or no surgical after-care (Fig 7) 

Case 6 — On visiting a hospital in a nearby city I was invited by the sur- 
geon to inspect the ward cases He showed me a male patient 50 years of 
age who had suffered a fractured vertebra with cord compression some ii 
months previously. A laminectomy had been performed. The patient was in 
good condition but the paralysis of the lower e.xtremities was still complete. 
A marked foot drop was present and it was impossible to dorsiflex his feet 
manually. This patient, even though he should recover, w’ould be doomed to 
be a bed or wheel-chair invalid the rest of his life This surgeon stated that 
he did not take much stock in physical therapy. 

Recent Trauma of Spine without Cord Injury 

Recent injuries of the spine without cord lesions can be divided into: 
(a) compression fractures of the body, (b) fractures of the transverse 
processes; (c) fractures of the laminae and arches; (d) fractures of 
the spinous processes; (e) dislocations and subluxations; (f) fracture- 
dislocations, (g) sprains, strains, vertebral locking, etc. 


compression fractures 


Compression fracture of one vertebral body is the commonest type. 
It may be accompanied by similar fractures in other vertebrae or by 
associated fractures, such as fractures of one or more transverse 
processes. The usual mechanism Is a forcible flexion of the spine, caus- 
ing a crushing of the anterior portion of the body. At times there is a 
forward^ displacement of a small wedge of the body of the vertebra. 

The immediate surgical treatment of this condition varies from 
absolute recumbency to operative fixation by bone transplantation 
across the site of the fracture. Between these two extremes many 
methods of repair are recommended. 

Personally, I have seen very few compression fractures of the spine 
m which I felt that either an Albee or a Hibbs operation or any other 
W of bony fixation was indicated. Dixon, of Kansas City recently 
advocated, m a clinical meeting, more operations early in these cases 
claiming that better end-results followed in his operative cases than 
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of Dr. Holmblad The patient could move his legs, but the lower extremities 
were entirely and markedly atrophied. The knees could be fle.xed with slight 
assistance. The feet, however, were clawltke and were fixed in an exaggerated 
equinus position. If the patient was held in an upright position, his weight 
rested directly on the tips of his toes. Dr. Holmblad fitted leg and thigh 
braces on this patient with a caliper arrangement which held the feet just off 
the floor when the patient rested his weight on the base of the calipers Daily 
massage, muscle-training exercises, and lessons in walking with the aid of 
crutches and the braces comprised the plan of treatment. The patient im- 
proved in strength but %vill probably never be able to do without his braces 
and walking calipers. This is the picture of the patient who received good 
surgical treatment as far as the laminectomy was concerned, but extremely 
poor or no surgical after-care (Fig. 7). 

Case 6. — On visiting a hospital in a nearby city I was invited by the sur- 
geon to inspect the ward cases He showed me a male patient 50 years of 
age who had suffered a fractured vertebra with cord compression some ii 
months previously. A laminectomy had been performed. The patient was in 
good condition but the paralysis of the lower extremities was still complete. 
A marked foot drop was present and it was impossible to dorsiflex his feet 
manually. This patient, even though he should recover, would be doomed to 
be a bed or wheel-chair invalid the rest of his life. This surgeon stated that 
he did not take much stock in physical therapy. 

Recent Trauma of Spine without Cord Injury 

Recent injuries of the spine without cord lesions can be divided into: 
(a) compression fractures of the body, (b) fractures of the transverse 
processes; (c) fractures of the laminae and arches; (d) fractures of 
the spinous processes; (e) dislocations and subluxations; (f) fracture- 
dislocations; (g) sprains, strains, vertebral locking, etc. 


COMPRESSION FRACTURES 


Compression fracture of one vertebral body is the commonest type. 
It may be accompanied by similar fractures in other vertebrae or by 
associated fractures, such as fractures of one or more transverse 
processes The usual mechanism is a forcible flexion of the spine, caus- 
ing a crushing of the anterior portion of the body. At times there is a 
forward displacement of a small wedge of the body of the vertebra. 

The immediate surgical treatment of this condition varies from 
absolute recumbency to operative fixation by bone transplantation 
across the site of the fracture Between these two extremes many 
methods of repair are recommended 

_ Personally, I have seen very few compression fractures of the spine 
in which I felt that either an Albee or a Hibbs operation or any other 
type of bony fixation was indicated Dixon, of Kansas City recently 
advocated, m a clinical meeting, more operations early in these ca^e^ 
claiming that better end-results followed in his operative cases than 
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in those treated by closed methods. Chandler, of Chicago, has recently 
published an article advocating a bone transplant or a Hibbs operation 
in certain obscure fractures of the lamina."* He claims that many cases 
of persistent back pain are due to these fractures of the lamina which 
are extremely difficult to demonstrate by x-ray and are, therefore, 
frequently overlooked. Other excellent surgeons have strongly advo- 
cated open operations. The preponderance of opinion still favors the 
more conservative, closed method of treatment. 


Treatment. — The principles of treatment governing these compres- 
sion fractures are: 

(a) Correction of the deformity by hyperextension of the spine 

(b) Immobilization: by recumbency in bed with some device to 
maintain the hyperextension; in a body cast, with recumbency, 
rest in bed and traction; a body cast that allows the patient to 
be ambulatory; or a specially built back brace 

(c) Immobilization and rest for a variable period, ranging from 
eight weeks to six months 


Walsh*s Method. — Walsh, of Pittsburgh, has long advocated the 
hyperextension treatment of these vertebral fractures and has devel- 
oped a special bed which can be raised in the middle, thus giving^ 
position of hyperextension to the recumbent patient. Davis, of ii'iie, 
has developed a procedure which he claims will overcome the compres- 
sion deformity of the vertebra and restore its body to normal ali^* 
ment. This method consists of placing a sling about the feet, wth a 
rope or strap passing from the sling through a pulley in the 
the anesthetized patient lies face downward, and as his feet and leg 
are raised in the air, his weight rests upon the upper chest. Manipu 
tions^ of the spine are made with the patient in this 
position. A plaster bed is then applied directly to the patient while 
is still in this position. Later this cast can be bisected and the nac 
half removed to permit massage. 

Jones' Method. — R. Watson Jones,* of Liverpool, describes a 
method of securing hyperextension and of immobilization of 
fracture, as follows: 


Not only is a general anesthetic quite unnecessary, but the position re 
quired can be maintained much more easily by a conscious than by an a • 
esthetized patient Although complaint is made of aching and discomfort m 
the arms where the weight of the trunk is borne, none of the patients com- 
plain of pain m the back, so that we have not thought it necessary to adopt 
Bohler s suggestion of injecting novocaine locally. One-quarter or one-third 
of a gram of morphine is given half an hour before. , 

Two tables are arranged end to end. with a space between slightly gr^ 
than the length of the patient’s trunk. The front table is raised on blocks 
or chairs so that it is about two feet higher than the other; although not 
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essential, it is an advantage to use an operating table of adjustable height, 
so that the hyperextension can be attained gradually by screwing up the 
table after the patient is in position. Throughout the treatment, flexion of 
the spine must be avoided The patient is therefore lifted face downu'ard 
on to the lower table, and a double layer of stockinette pulled over the trunk 
and stitched over the shoulders and beneath the perineum. The spinous 
processes and the iliac crests may be further protected by small pads of 
adhesive felt, but it is essential that the plaster should fit very closely; bulky 
padding %\ith wool or felt is to be avoided. A closely fitting woolen bathing 
costume is an excellent substitute. 

The patient is now assisted into such a position that he is gripping the 
edge of the higher table mth his abducted arms, the head resting on a small 



Fio 8a — E«mple of Jone$’ reduction of compression fracture of spine 


pillow. The lower table supports his lower limbs as high as the upper thigh, 
but between the groins 4i.*- — ii: — , , 

is unable to prevent h ■ > 

(Fig 8a). The plaster 

the spine, the sacrum, and iliac crests. The rubbing in of layer after layer of 
plaster gives just sufficient pressure to insure that the normal limit of hyper- 
extension has been reached; beyond this no manipulation of any sort is 
employed. The plaster should extend up to the neck, and although it may be 
cut out below each axilla to allow free arm movement, none must be removed 
from the front of the thorax (Fig. 8b). It extends well over the sacrum and 
down to the level of the trochanters and symphysis pubis, with a small area 
over each groin to allow flexion of the hips. If the plaster cast is a 
good, closely fitting one, it is not necessary, even in lumbar fractures to 
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include either hip, and wc strongly deprecate the suggestion that these 
patients should remain recumbent in a plaster bed or frame. 

As soon as the plaster is dry, the patient is encouraged to move about in 
bed and is turned frequently to avoid pulmonary congestion. Wasting and 
hypotonicity of the spinal musculature must be avoided. From the second or 
third day in uncomplicated cases definite exercises for the erector spinae are 
practiced at regular intervals. The patient should lie prone and lift the head 
from the bed against resistance. Each lower limb should be lifted with the 
knee straight by hyperextending the hip. These exercises involve energetic 
contraction of the erector spinae, and despite the plaster jacket a patient can 
maintain a better muscular tone in this way than he could if any amount ot 
massage and electrical treatment were possible. ^ ♦ i 

After 10 days the patient may get up and walk for increasmg intern s. 
We regard this as a very necessary pari of the treatment, not only * 
still further assists in maintaining muscular tone and establishes the 
circulation which is essential for rapid union, but because it 
patient’s mentality to normal. The sooner a man is dispossessed of the ^ 
that “his back is broken” and that he “will never walk again, t e 


certainly is subsequent functional disturbance avoided. 

Protection of the vertebrae is necessary for four months. li wer 
being constantly practiced, the plaster should be retained for the w 
this time. After i6 weeks, movements of the spine itself are . ,v’ - 

■ ■ • • ■ ■ ,rraal circulation have 

• • ■ full movement. Manipulation to brea 0 

• t, as a rule, be necessary. Within six mont 
the patient should be capable of resuming his normal occupation. 


While as yet I have not had the opportunity of trying this method, 
it sounds simple, safe, and very rational. ^ 

HetnpeVs Method, — Other authors have describ^ "^tive trea*t- 
treatment which combine exercise and massage found 

ment of the fracture. Hempel,® for instance, believes that ^ j^ient 
a way of overcoming the objections against other methods o 
hitherto employed, ^^^en there is no injury of the spinal 
patient is laid on a hard, smooth mattress, at first lying on 

and, after a few days, on his stomach so that he can prop 
his elbo^vs. To make certain that sinking of the mattress ca ^ 
place, boards are placed between it and the bed are 

the pain caused by the fracture has ceased, the back mu 
massaged (the patient lying on his stomach), and of 

the patient is permitted to crawl on all fours as a . /jg ^ext 

exercise. Having become proficient in this exercise, the . js to 

permitted to stand, and lastly, to sit. The object of the -pal 

secure perfect anatomic and functional restoration of tn 
column without injuring the spinal cord. 

Mock's Method. — By the methods which I have used 
these compression fractures, the marked restoration of the u i^aj«s 
vertebral body that has been pictured by other methods has no 
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been secured, yet the functional results have, in the majority of cases, 
been very good. Various methods are used, depending upon the given 
case, thus: 

Rest in bed with traction to head and lower extremities, or traction 
and countertraction by elevating one end of the bed. A sand bag or 
firm pillow is placed under the back at the point of fracture to secure 
hypere.xtension. 

Rest in bed with hyperextension only. In either of these methods, 
the rest in bed persists for 8 to 12 weeks, depending upon the extent 
of the injury 


Fic 9c — Same patient turned from Bradford frame on to a cart. Note the hyper* 
of \Viis spine maintained by piboMs placed on \be cart and boldins chest in 
raised position This transfer to the carl is performed daily for the purpose of giiing 
massage to the back muscles. , 


Usually a Bradford frame is employed. It is bent in the region 
of the fracture so as to give a marked convexity to the firm canvas 
bed, thereby providing the desired hyperexlension. The frame can be 
provided with a removable strip of canvas at the buttocks, to facilitate 
the use of the bed pan. The patient is firmly attached to the Bradford 
frame by wide flannel binders. Thus, by turning the frame from side 
to side, the position of the patient can be changed while he maintains 
his hyperextension, and thus the feared pulmonary complications are 
prevented. After four weeks, the patient can be turned completely over 
on the frame, to lie prone upon the mattress. The mattress has suffi- 
cient pillows to raise the upper portion of the chest, thereby maintain- 
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ing the hyperextension. In this position the patient can be taught 
exercises, such as pushing his chest backward by supporting himself 
upon his arms, the amount of hypercxtcnsion being thereby increased. 
If the bed has been sufficiently padded and adjusted wth pillows, the 
Bradford frame can be removed and massage can be given to the back 
muscles. This procedure can be repeated daily after four weeks, and 
the amount of hyperextension exercise and the strength of the massage 
can be increased daily. The frame is then reapplied and the patient is 
turned back into a recumbent position. 

Almost from the beginning of this treatment, massage of the 
ities, abdomen and chest, and supervised exercises of the hppet ana 
lower extremities can be instituted. The technician ,f 

a considerable portion of the back without unduly distu g 
hyperextension position of the patient by sliding her » , , 

either side, between the patient’s back and the canvas 
frame. After four weeks, the amount of massage and exercise (^n 
increased, as described above. After six to eight weeks, ^ t* 
usually be lifted from the frame on to a y.„ niocine 

is well to prevent this mattress from sagging m the middle y P . ^ 
boards across the bed under the springs. At tlus 
should be taught to turn over in the prone V. giKows or 

under his upper chest, to exercise by raising bimseii on . jn 
arms, and again, by hyperextending his thighs. These e 
maintain and increase the amount of hyperextension o 
After eight to ten weeks, the patient can be allowed to ^ P ,, 
for short periods and to exercise by bending forward, g 
stituting the flexion exercises. These should be careful y s s 
at first, and should follow the massage treatment (Figs. 7 > 

In from lo to 12 -weeks the patient can usually be yjjgj 

chair with weight-bearing starting at the end of 12 ' jgg have 

symptoms of pain and signs of muscle spasm and sensitive 

• / practically never, is a belt or hacK 


never, is a ui-... — - , 

.^or another four to eight gjgted 

. ■ ■ . . massage and “erase are 

in, and home work is started. By the end of six montns, 
of these cases can be back at their employment, even at n of 

This treatment is based upon maintaining as large •nrithout 

function in the joints and musculature of the back as possi ^ 
further compression of the fractured vertebra, with of 

tion as possible of the form of the vertebra, and with nr *hick- 

the fracture The prevention oi m 

ening and ■ contraction 

eurosis, an 


, . ^es in the muscles due^^^ 
atrophy from disuse is held of equal importance to preventing 


. - -tance 10 certain 

compression and to securing good healing of the orsistence 

amount of these changes is bound to occur, therefore the P ^g |s 
in the massage and exercise until all such changes are ov 
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extremely important. It is very easy for such a patient to begin to 
hold the back muscles more or less rigid, to develop faulty posture, 
and othenvise to undo the early efforts, if supervision stops too soon. 
Heat, of course, is an excellent adjunct to the massage and should 
precede it. Hydrotherapy in the form of hot tub baths is also effi- 
cacious before the massage. 

All fractured vertebrae do not fall into the class of the cases just 
described. Some of them seem to recover completely without any treat- 
ment, while others continue to have symptoms in spite of the most 
careful supervision. The surgeon must use his judgment in the handling 
of each individual and will find that many will respond to the treat- 
ment even more rapidly than those just described. Again, consideration 
must be given to the forms of treatment now being advocated by 
many, which allow earlier ambulatory care. 

Cervical Fractures. — Fractures in the cervical region usually 
need immobilization for a period of six or eight weeks. This can be 
accomplished by rest in bed with a jury-mast traction apparatus, by 
cast or by specially made neck braces with head support. A combina- 
tion of traction with the neck brace is most often used. Frequently 
these braces or a cast is worn for six months. 

Massage, which is gentle at first, but which is gradually increased in 
force, should be started within the first week while the patient is still 
in bed and in traction. The massage should include the neck, shoulder, 
and arm muscles. I am opposed to a cast because it prevents massage, 
and later, exercise. A brace can be removed and massage given. The 
patient should be placed in bed or on a table and immobilization main- 
tained by sand bags placed on either side of the head during the treat- 
ment and then the brace should be replaced. This should be done 
every day or at least every other day. After four weeks very slight 
active exercise, such as gently turning the head from side to side, and 
assisted active e.xercise, such as helping the patient to lift his head 
slightly from the table, should be instituted After eight weeks, pro- 
vided the x-ray shows no contraindication, the brace can be removed 
for longer periods each day and the amount of exercise and massage 
increased rapidly. By the end of lo to 12 weeks most of the average 
cases of fracture of cervical vertebrae without cord symptoms should 
be free of all immobilization and all braces and should have full func- 
tion in the neck. 

I have seen patients with cervical fracture still wearing a brace after 
SIX months with stiff neck due to ligament and muscle contraction 
who have been told that they must wear the brace for at least a year' 
Unquestionably, more attention paid to maintaining function in the 
soft tissues of the neck and more faith in the ability of these frac- 
tured vertebrae to heal would obviate the necessity, often born of fear 
01 disaster, of wearing these casts or braces for even six months let 
alone a year. ’ 
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DISLOCATIONS AND SUBLUXATIONS 

Dislocations or subluxations of vertebrae require careful mampula- 
tion to reduce the luxation or subluxation. If it is in the cervical region, 
the treatment is usually done under anesthesia. The patient's head and 
neck protrude over the head of the table and rest in the operator’s 
hands. Then by a combination of traction, gentle but gradual flexion of 
the neck, increased traction and of bringing the head backward with 
the neck in hyperextension, the dislocation is overcome. Pressure with 
the fingers just below or above the site of dislocation is firmly made 
to act as a fulcrum. In addition, lateral movement of the head, bring- 
ing marked lateral flexion of the neck first on one side then on the 
other, is sometimes necessary. Of course, all manipulation in the neck 
should be entered into with great caution lest the dislocated verte- 
brae should be forced into greater deformity and cause compression 
of the cord. 

Rest in bed xvith early massage should start almost at once, and 
exercise can start after two weeks. A brace may be worn for four weeks 
if the dislocation has been completely reduced, or possibly for eight 
weeks if it has been incompletely reduced. Here again the prolonged 
wearing of a brace or cast is unnecessary. 

Some of these cases can be reduced by applying heavy traction to 
the head. However, if this fails by the end of the first week, manipula- 
tion is indicated. 

Luxations and subluxations in the dorsal and lumbar region are 
extremely difficult to reduce by manipulation. Usually, hyperoxtension 
of the back combined with traction will result in sufficiently good ^ 
duction to obtain a good functional result. However, it is in this W 
of case that the patient often complains of pain and weakness in c 
back for months and years. These results occur too often and tne 
symptoms in the different cases are too similar for them to be 
as neuroses. This is the type of case in which ankylosing opera ion 
will often give the best results. 


FRACTURE-DISLOCATIONS 

Fracture-dislocations are more frequent than pure dislocations. They 
must be handled as described for pure fractures. In selected ca » 
especially in the cervical vertebrae, manipulation may be 
m order to overcome the disIocaUon. In other cases operation 
a visable. If the attempt to reduce the dislocation fails, a bone gm 
operation should be performed to prevent further dislocation and dam- 
age to the cord. I have seen only one case where this procedure seeme 
advisable and necessary. 

should be put forth as early as 
and exercise in order to maintain 

and to prevent the dire results of prolonged immobilization of joints- 
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FRACTURES OF TRANSVERSE PROCESSES 

Fractures of the transverse processes are peculiar in their behavior. 
As a rule they result in immediate disability, with pain, muscle spasm, 
and tenderness even more marked than in many of the cases of com- 
pression fracture, and these symptoms and signs will continue unduly 
long in spite of treatment. Again, the signs and symptoms will dis- 
appear after a week in bed with heat applied to the back, and the 
patient will begin to insist upon getting up. The physician will catch 
him sitting up in bed in spite of his warnings and advice. I have seen 
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'—Comminuted fracture of left transverse process of 4th lumbar vertebra 
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DISLOCATIONS AND SUBLUXATIONS 

Dislocations or subluxations of vertebrae require careful manipula- 
tion to reduce the luxation or subluxation. If it is In the cervical region, 
the treatment is usually done under anesthesia. The patient’s head and 
neck protrude over the head of the table and rest in the operator’s 
hands. Then by a combination of traction, gentle but gradual flexion of 
the neck, increased traction and of bringing the head backward with 
the neck in hyperextension, the dislocation is overcome. Pressure with 
the fingers just below or above the site of dislocation Is firmly made 
to act as a fulcrum. In addition, lateral movement of the head, bring- 
ing marked lateral flexion of the neck first on one side then on the 
other, is sometimes necessary. Of course, all manipulation in the neck 
should be entered into with great caution lest the dislocated verte- 
brae should be forced into greater deformity and cause compression 
of the cord. , 

Rest in bed rvith early massage should start almost at once, an 
exercise can start after two weeks. A brace may be worn for 
if the dislocation has been completely reduced, or possiWy for eigm 
weeks if it has been incompletely reduced. Here again the prolonge 
wearing of a brace or cast is unnecessary. . . 

Some of these cases can be reduced by applying heavy traction 
the head. However, if this fails by the end of the first week, manipu 
tion is indicated. 

Luxations and subluxations in the dorsal and lumbar . 
extremely difficult to reduce by manipulation. Usually, hyperexte 
of the back combined with traction will result in sufficiently 
duction to obtain a good functional result. However, it is m this >T 
of case that the patient often complains of pain and weakness m 
back for months and years. These results occur too often ana 
symptoms in the different cases are too similar for theni to be c 
as neuroses. This is the type of case in which ankylosing opera 
will often give the best results. 


FRACTURE-DISLOCATIONS 

Fracture-dislocations are more frequent than pure dislocations. Th^ 
must be handled as described for pure fractures. In selecte ' 
especially in the cervical vertebrae, manipulation may be resor 
in order to overcome the dislocation. In other cases operation 
advisable. If the attempt to reduce the dislocation fails, a bone P 

■ ■ ’ o prevent further dislocation j 

■_■■■■ ' ■' one case where this procedure 

In these cases the same effort should be put forth as eatly “ P®' 
sible to give heat, massage, and exercise in order to maintain . 
and to prevent the dire results of prolonged immobilization of 
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prevent thickening and contraction of the aponeurosis. Daily exercises 
of the legs and arms, active in character, are supervised by the tech- 
nician. By the end of the sixth week assisted active exercises of the 
back are started, such as hyperflexing the spine by the patient’s lying 
prone and raising himself on his elbows or hands; later, by his lying 
on his back and lifting his buttocks from the bed; and finally, by his 
sitting up in bed, first assisted and later unassisted. By the end of 
eight weeks, unless the x-ray shows definite contraindications, the 
average case rvill have recovered and will need no further physical 
therapy. 

FRACTURES OF SPINOUS PROCESSES 

Fractures of the spinous processes are treated approximately in the 
same manner as fractures of the transverse processes. 

FRACTURES OF LAMINAE AND ARCHES 

Fractures of the laminae are treated when diagnosed as described 
for compression fractures. Chandler, of Chicago, has described ob- 
scure, often undiagnosed fractures of the lumbar laminae which cause 
prolonged symptoms and which require bone transplants and fi.xation. 
He has done exhaustive work on the subject. Following the operation, 
of course, there is rest in bed. I would add to this treatment measures 
of heat, massage, and graduated exercises (Fig. ii). 


Sprains of Back 

Etiology. — Sprains of the back follow' many accidents which are 
sufficiently serious to give a fracture, but following which x-ray evi- 
dence of fracture is lacking. Sudden twists or falls when in a strained 
position, for example, slipping while straining to lift a heavy object or 
having a sudden weight thrown upon the straining body, will also often 
result in sprains of the back. As in any other part of the body, a sprain 
will cause a certain amount of tearing of the ligaments and attach- 
ments about the part, ecchymosis or minute hemorrhages, exudation, 
and swelling. 

Symptoms. — The pain is usually immediate, causing the patient to 
stop work and rest, but after a few hours it may subside and he may 
return to work. The next morning or a day or two later he is so sore 
and the pain is so marked that he cannot get out of bed or he cannot 
straighten up. The continued use of the back has aggravated the 
condition. 


Diagnosis.— It is extremely important to diagnose a sprain earlv 
cR? !2 ^ absolute rest. Heat, moist or dry 

should be applied at once. If available, diathermy is a valuable means 
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such patients up and around and apparently well at the end of six 
weeks even when the x-ray has shown three transverse processes, frac- 
tured, displaced slightly, and still ununited (Fig. lo). 

Other cases which seem to be making satisfactory progress begjn to 
grow worse and develop into the typical chronic back cases. Too often 
this change dates from the time the patient is told by another doctor, 
the interne, the nurse, a fellow patient, or some lawyer or member of 
the family seeking to magnify the importance of the case, that he has 
a “broken back.” 

The term “broken back” is a potential trouble maker. It brings fear 
and apprehension to the patient. It recalls cases heard of in the past 
in which the individuals never walked again. It carries ideas of 
grandeur due to the old days of frequent lawsuits when a “broken 
back” was usually good for a $10,000 or $25,000 damage. 

I am not in favor of withholding from any patient the diagnosis of 
fracture, but if it was ever justified, it would be in these back frac- 
tures, especially of a transverse process. To prevent the above dangers 
of apprehension from being born in these cases, I usually take ^ 
draw a picture of a segment of the spinal column, show 
patient, and explain to him how this little transverse process is 
but that it has no connection with the so-called broken back, that 
cannot possibly affect the cord, and that there are so many oine 
transverse processes to take up its function that no great “Shtage c 
come from it. I then explain that he must keep quiet for six to eig* 
weeks in order to allow the fracture to unite, pointing out that 01 
the union is only fibrous but that fibrous union will be sumcieni 
give him full and good function of bis back once more. In spite 0 
these precautions, cases of fracture of the transverse process 
become exceedingly difficult to treat. 

Treatment. — Personally, I prefer to treat these cases by ^ 
for six to eight weeks. The mattress is prevented from saggllJS .J 
placing boards across the bed underneath the springs. A soft pmo 
the small of the back will help maintain the normal lordosis. ^ 

Heat should be applied at once in the form of large, ^ 

fomentations with large folds of flannel as the agent, the flannel ne o 
held in place by a covering of rubber sheeting. A binder is 
applied. The applications should be frequently changed ana f 
very warm Hot-water bottles, an electric pad, or an ordinary ei 
trie light bulb and reflector may furnish the source of ® . j-g 

as the patient can be turned over on his stomach (he shou 
relaxed and let the nurse and technician turn him over), 1 
ing massage is started. At first this is a sedative massage whicn tei* 
to relax the spasm in the muscles and to relieve the pain. Later, ^ 
massage is increased and becomes both stroking and, by the lou 
week, kneading or rotary in character. Its purpose now is to inCTe 
circulation to these parts, to overcome any muscular atrophy, ana 
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prolong the condition. Allowing them to remain recumbent for three or 
four weeks without massage or exercise is only to foster adhesions, 
painful joints, and a string of indefinite sequelae that usually even- 
tually lead to an erroneous diagnosis of neurosis. Strapping the back 
with firm adhesive plaster and allowing the patient to go about is 
better than the last-mentioned procedure provided that the strapping 
is not too prolonged and that the patient does not develop faulty 
posture habits. Rest, heat, and massage for the first week, with 
strapping for the second week, followed by systematic efforts to de- 
velop exercise and function, will relieve the majority of these cases 
within three to four weeks. However, the strapping usually causes 
pimples and irritation and prevents proper massage. If possible, it 
should be avoided. Certainly tight strapping or the early and pro- 
longed use of a brace is often another means of causing muscle 
atrophy, contraction of ligaments, and adhesions. 

The commonest location for these sprains is in the low back, 
usually a lumbosacral or a sacro-iliac condition. The sprain in these 
regions is too often not sufficiently serious to cause the physician 
great concern or to justify the patient’s going to bed and being fussed 
with. As a result, inadequate early treatment prolongs the condition, 
allows it to become aggravated, or results in sequelae w’hich are far 
more difficult to relieve. The latter will be considered under post- 
traumatic conditions. 

Rest, heat, massage, and graduated exercise are indicated and 
should start early whenever the history and findings suggest the 
possibility of a lumbosacral or sacro-iliac sprain. As a rule I never 
strap these patients, except possibly for two days to a week when they 
first get out of bed. In a limited number of cases a sacro-iliac belt may 
be indicated, but placing a sacro-iliac belt on a patient and telling 
him to wear it indefinitely without daily removal for massage tends 
only to doom him to invalidism. Four to six weeks should be the limit 
for the wearing of such a belt. ThC belt soothes both the patient and 
the physician, often preventing the early discovery of sequelae that 
must be treated and removed if full recovery is to follow. A good plan 
to follow when these patients first get out of bed is firmly to belt the 
sacro-iliac region by applying an ordinary strap belt just outside the 
underclothes and passing it around the body just below the antero- 
superior spines of the ilium The patient is instructed to remove this 
for rest periods and for certain exercises He seldom becomes wedded 
to such a belt as he does to the more elaborate sacro-iliac braces. Again 
let me repeat that the latter have their place, but only in a limited 
number of cases and for a limited length of time. 

Some patients will not respond to the above treatment nor to any 
other form of treatment. Certain of these either are operated on for a 
fixation of the sacro-iliac joint or become permanent wearers of the 
sacro-iliac or other form of brace. "WTien I am forced to yield to one 
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of applying heat and gives the quickest relief from pain. Early mas- 
sage, rhythmic and applied gently at first but gradually increased in 
force and carried always in the same direction, i.e., upward and out- 
ward, will soon reduce the exudation and swelling. As soon as the pain 
is relieved or after one week, active assisted and active exercises 
should start to prevent contraction of the ligaments, thickening of the 
aponeurosis, and adhesions about the joints. 

Treatment. — Allowing these patients to be up and around and to 
assume faulty postures in order to relieve their discomfort is only to 
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fic II.— Example of fracture of the lamina of the 5tb lumbar lertebra- There 
a sbghl !ponci>Io!iStbesu. 
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prolong the condition. Allowing them to remain recumbent for three or 
four weeks without massage or exercise is only to foster adhesions, 
painful joints, and a string of indefinite sequelae that usually even- 
tually lead to an erroneous diagnosis of neurosis. Strapping the back 
with firm adhesive plaster and allowing the patient to go about is 
better than the last-mentioned procedure provided that the strapping 
is not too prolonged and that the patient does not develop faulty 
posture habits. Rest, heat, and massage for the first w'eek, with 
strapping for the second w’eek, followed by systematic efforts to de- 
velop exercise and function, will relieve the majority of these cases 
within three to four weeks. However, the strapping usually causes 
pimples and irritation and prevents proper massage. If possible, it 
should be avoided. Certainly tight strapping or the early and pro- 
longed use of a brace is often another means of causing muscle 
atrophy, contraction of ligaments, and adhesions. 

llie commonest location for these sprains is in the low back, 
usually a lumbosacral or a sacro-iliac condition. The sprain in these 
regions is too often not sufficiently serious to cause the physician 
great concern or to justify the patient's going to bed and being fussed 
with. As a result, inadequate early treatment prolongs the condition, 
allows it to become aggravated, or results in sequelae which are far 
more difficult to relieve. The latter will be considered under post- 
traumatic conditions. 

Rest, heat, massage, and graduated exercise are indicated and 
should start early whenever the history and findings suggest the 
possibility of a lumbosacral or sacro-iliac sprain. As a rule I never 
strap these patients, except possibly for two days to a week when they 
first get out of bed. In a limited number of cases a sacro-iliac belt may 
be indicated, but placing a sacro-iliac belt on a patient and telling 
him to w’ear it indefinitely without daily removal for massage tends 
only to doom him to invalidism. Four to six weeks should be the limit 
for the wearing of such a belt. The belt soothes both the patient and 
the physician, often preventing the early discovery of sequelae that 
must be treated and removed if full recovery is to follow. A good plan 
to follow when these patients first get out of bed is firmly to belt the 
sacro-iliac region by applying an ordinary strap belt just outside the 
underclothes and passing it around the body just below the antero- 
superior spines of the ilium. The patient is instructed to remove this 
for rest periods and for certain exercises. He seldom becomes wedded 
to such a belt as he does to the more elaborate sacro-iliac braces. Again 
let me repeat that the latter have their place, but only in a limited 
number of cases and for a limited length of time. 

Some patients will not respond to the above treatment nor to any 
other form of treatment. Certain of these either are operated on for a 
fixation of the sacro-iliac joint or become permanent wearers of the 
sacro-iliac or other form of brace. When I am forced to yield to one 
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or the other of these plans, I /eel that in some way my ideals of treat- 
ment have miscarried or have been cheated. 


Strains of Back 


Strains of back usually occur from less severe injuries than those 
which result in sprains. In strains the signs and symptoms are not as 
severe as they are in sprains. Failure, however, on the part of the 
physician or patient to recognize these strains and to treat them as 
potential trouble makers often results in prolonged disability. 

They can usually be treated as ambulatory cases, but if the signs 
and symptoms begin to grow worse or are prolonged for more than a 
week, I favor putting the patient at absolute rest and treating him as 
described for sprains. The ambulatory treatment consists of applying 
a firm binder and having the patient report daily for heat, massage, 
and graduated active exercises. The patient is instructed to take one 
or two hot baths a day at home, in between treatments. I have seen a 
patient wth simple strain who reported to the physical therapy la^ra- 
tory for treatment grow markedly worse after the treatment. This 
usually occurs in the winter. He is baked and massaged in the 
office, goes out into the cold, rides home on a cold street car, and that 
night develops a severe attack of lumbago or myositis. Physlaps 
should recognize this danger, and if the patient complains of “catemng 
cold” after office treatment, some form of home treatment should be 
substituted. A baker to use in the borne can be made or bought 
reasonably, or the physician can rent or lend one to the patient, in 
technician can report to the home daily to give the heat and massage- 
Unquestionably more attention must be paid to the effect upon t 
patient of ambulatory physical therapy than has been done m 
past. 


Lumbago, Myositis, Myofascitis 

Lumbago, myositis, and myofascitis are all terms used to 
acute painful back. The attack usually comes on suddenly and o 
after some minor injury or, more often, after some unusual strai , 
such as overlifting, or after a change from a rather sedentary occupa- 
active or heavy work. 

1 ms Thanksgiving at a family reunion I played a strenuous g 
of old-fashioned shinny with a number of my male relatives. Several 
of our sons w^re college boys, and while the old guard won the gam . 
yet we were hard-pressed. It was a moderately cold day. 'V® ^ . . 
very warm and then cooled off rapidly. Within two hours I 
severe lumbago. It persisted untreated for two days and then d sap 
peyed. W as this due to strain, to the rapid heating and cooling of 5 
body, or to a focal infection? I have no other evidence of a focal 
infection. 

We undoubtedly hove traumatic lumbago and lumbago due to 
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tion Search should be made for the infection in all cases of persistent 
or recurring back pain. The rapidity with which a lumbago will dis- 
appear after an abscessed tooth has been pulled has been noted many 
times. However, all painful backs have not yielded to the loss of a 
tooth or even of all the teeth. Other causes must be searched for before 
too many teeth, tonsils, gallbladders, etc., are sacrificed. 

The treatment of these strain-lumbagos when they persist is rest, 
heat, massage, and graduated exercises. Often they will yield best to 
infra-red baking. The ordinary electric glow for heating a bathroom 
is one of the best infra-red bakers that can be secured. 


Locking of Vertebral Join rs 


Acute locking of some of the vertebral joints, possibly a ligamentous 
dysfunction rather than a slipping or slight dislocation, occurs. The 
condition is most common in the cervical region and in the neighbor- 
hood of the twelfth dorsal and first lumbar vertebrae. It is a peculiar 
phenomenon and often manifests itself in the cervical region by a 
sense of sudden pain, followed at once by a burning sensation in the 
neck, and later, by a momentary or temporary stiffness; then it sub- 
sides. Occasionally it will be more severe, will persist, and will require 
treatment. In a recent newspaper the case of a woman who dislocated 
her neck by suddenly turning her head was described. From the de- 
scription of the case I believe it was one of acute locking. A year ago 
my son grabbed his sister playfully about the neck and bent her back- 
ward. She cried out, held her hand to the back of her neck, and could 
not move her head, which was held in a fixed, slightly turned position. 
I was home at the time and immediately went to her assistance. The 
head was fixed, evidently by some locking, in the region of the second 
to the fourth cervical vertebrae. I had her sit on the floor, placed a 
hand on either side of her head, and lifted her upward, allowing her 
body •weight to be the force of traction. At the same time I gently 
manipulated her head from side to side. There was a sensation of a 


sudden slip or give in her neck and she immediately exclaimed that 
now it was all right. Only a slight tempiorary soreness followed. 

Similar examples of locking have occurred following the hitting of a 
bump and then being thrown upward and backward when riding on the 
back seat of an automobile. In one such case examined two days after 
the accident the patient had a painful stiff neck rvith very little head 
movement. The x-ray was negative This case yielded to manipulation 
Jollowed by heat and massage for three days. A farmer boy was seen 
by me at his home in the country. He had terrific pain in his back 
located in the region of the twelfth dorsal vertebra. His physician had 
pven him hypodermics of morphine without any relief of the nain 
the condition had followed the lifting of a heavy Grain sack Thi 
enderness was marked over the twelfth dorsal vertebra and the first 
lumbar joint. He could not stand lamination, let alone manipulation 
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We were not prepared to give him an anesthetic and the family refused 
to allow removal to the local hospital. Traction was applied to his legs, 
the foot of the bed was elevated, and a pillow was placed under his 
back. He continued to suffer for almost a week, when the pain sud- 
denly disappeared. Mennell describes acute locking of the costal 
vertebral joints and gives very well-defined methods of manipulation 
to overcome these. Although physical therapy is seldom needed in 
these cases, yet physical ^erapy and manipulative surgery are so 
closely related that it seems proper to mention them here. 

Similar lockings may occur between two adjacent transverse proc- 
esses or between an elongated spinous process and its fellow. Manipu- 
lation is necessary for relief. Prolonged pain following some of these 
cases of locking between vertebrae are undoubtedly due to a persistent 
synovitis. Heat, massage, and gradually increasing exercises are like- 
wise indicated in these cases. 

Wryneck 

Wryneck or stiff-neck is almost as common as lumbago. The ordi- 
nary case will usually disappear without treatment or with heat and 
massage. Wryneck following injury to the cervical vertebrae or to 
sprains in this region often requires prolonged treatment by heat, 
massage, and graduated exercises. 

POSTTRAUMATIC SEQUELAE 

Any surgeon doing a considerable amount of reconstructive 
will see a great number of traumatic cases weeks and months after to 
acute injury. They are referred for treatment to overcome cer ai 
sequelae which are the result either of the injury or of the treaimeni 
given. A high percentage of these cases are back injuries. 


Old Fractured Vertebrae without Cord Injury 


Etiology.- — The persistence of symptoms in cases of compression 
fracture of one or more vertebrae or of fractures of the transvers 
spinous processes beyond a period of three months usually indicates 
that certain sequelae have developed which must be discovered an 
treated if the given part is to secure complete functional recovery, 
usual causes for these persistent symptoms are: 


A. 

B. 

C. 

D. 


Failure to diagnose the fracture and to institute proper treat- 
ment early. Negligence in taking a lateral x-ray picture is 
commonest cause of diagnostic failure, 
loo short a period of active treatment of the fracture. 

Too prolonged a period of active treatment by a cast or 
forms of immobilization. 

Too much dependence upon a back brace. 
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E. The surgeon’s waning interest in the case after two or three 

months. 

F. The development of functional neuroses. 


The following short resumes of cases illustrate these conditions: 

Case 7. — Mr. C. S., 35 years old, was treated five months for a sacro-iliac 
condition. He had been kept in bed for a month, was fitted with a sacro-iliac 
belt, was given light treatments, and was finally told to go to work. He at- 
tempted light work, but the next morning he could not stoop over to pull 
on his shoes. He was seen several times by his doctor, but the latter had 
“seemed to lose interest in my case,” according to the patient. He nxis 
finally referred to St. Luke’s hospital where he came under my care. 

Examination showed a definite point of tenderness which was constantly 
located, at each examination, directly over the fourth lumbar vertebra. 
Movements of the back, especially when he attempted to straighten up 
from a stooping position, caused definite rigidity or muscle spasm in the 
erector spinae muscles of this region. From the history of the case and from 
these findings a diagnosis of probable fracture of the fourth lumbar vertebra 
was made and the .x-ray was then ordered The lateral view showed that a 
small wedge of the body of the fourth lumbar vertebra was broken off and 
displaced anteriorly. There was a slight depression of the anterosuperior 
border of the body of the fourth lumbar vertebra. The anteroposterior view 
failed to show’ any evidence of this injury. 

The case was reported as one of fracture The original doctor was asked to 
mail in his x-rays so that we could see if this was present at the time of the 
original injury. His x-rays had been made only in the anteroposterior view. 
My x-rays and the original x-rays were then submitted to another roentgen- 
ologist, who called the condition an osteo-arthritis They were then sub- 
mitted to Dr. Hollis Potter, who said that the condition w’as a fracture and 
pointed out that osteo-arthritis must ahvays involve the articular surface 
which was not affected in this case (Figs. 12a, 12b). 

The patient’s pain and muscle spasm were due to the prolonged immobili- 
zation of the back muscles and joints by the sacro-iliac brace, to holding 
them stiff because movement caused pain, and to periods of attempting 
active exercise and work before he was ready for them. Certainly there was 
no surgical treatment indicated to remove or replace this wedge. Further 
immobilization offered neither temporary nor ultimate relief of the situation 

The treatment instituted was first to explain the condition to the patient 
in common sense terms and to secure his cooperation. Then he was put to 
bed, and the back baked and hot fomentations applied alternately every two 
hours Massage once a day was started immediately. Simple, very graduated 
exercises were given at each period of massage. Whenever pain or muscle 
spasm appeared, the exercises were stopped and were not carried to that point 
again for three days After two weeks he xras allowed to go to the physical 
therapy department in a wheel chair for the same treatment. After another 
week he was allowed to walk about and to go to the occupational therapy 
department for light work. He was discharged at the end of eight weeks 
cured, not of a broken back (for this fracture had healed, albeit with slight 
deformity, long before I saw the case), but of the soft-tissue ankylosis which 
uad developed from prolonged immobilization and disuse and which caused 
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muscle spasm and pain whenever undue stress was applied to these back 
joints. 

Case 8. — Mr. 0 . S., aged 57, a railroad engineer, suffered a compression 
fracture of the third and fourth lumbar vertebrae. He weighed 200 Ib. He 
was kept at rest in bed for six months and was then fitted with a back brace. 
He had not been able to return to work. He was referred to me to ascertain 
if anything further could be done or if this man should be pensioned. 

Examination revealed a very heavy, short man who weighed 240 lb., hav- 
ing gained 40 Ib. during course of rest and treatment. His back was held 
rigid in a leather and steel back brace. The muscles were slightly rigid on 
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motion, but there was no muscle spasm. The patient's chief complaint was 
pain and weakness in his back when he attempted to go without his brace. 
In addition, he had swelling of the ankles which had developed since he was 
allowed out of bed, and he had flatfeet. His basal metabolism was normal. 
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Physical therapy, a reducing diet, foot exercises, and gradually pving up 
his back brace resulted in improvement in the back muscles, the disappear* 
ance of the swelling in the lower legs, and the loss of 20 lb. in weight. At 
the end of six weeks he was going about constantly without his brace and 
without complaints. He was allowed to go to his home in Ohio. In four 
weeks he returned to us wth the ankles again swollen and wearing the 
brace. He refused to stay for further treatment and has since been retired on 
a pension. 

The broken back, of course, was the e.\citing cause, but his great gain in 
weight, his becoming wedded to a back brace with its accompanying weaken- 
ing of the back muscles and stiffening of the back joints, combined with a 
spirit of giving up and accepting a pension, were the real causes of this mans 
disability. All these could have been prevented and overcome if he had been 
willing to put up a fight. 


Case g. — A. R., who was injured in an automobile accident m Michigan, 
was taken to a hospital and an x-ray (anteroposterior view only) was ma e 
of his back. No fracture was found. He was kept in bed for two 
a diagnosis of a contused back and was then discharged. He returned to 1 
home in Chicago and was under the care of an osteopath for tvro weeKs. 
he consulted a lawyer and started suit against the owner of the automo • 
Hb la^vyer referred him to a doctor who x-rayed his back and in 
view discovered a compression fracture of the first lumbar vertebra, (see r s ■ 
4a, 4b.) He reported to this doctor dally for light 4 

was given. At the end of 10 weeks the insurance company involyed r 
the patient to me, with the consent of his lawyer, for 
the evidence of the lo-weeks’ old compression fracture which had pra 
gone untreated. The patient had muscle spasm and pain on 
undue flexion movements of his back. The pain and 7,, -nifd 

caused the patient to hold his back quite rigid. As has been J J 

this protective immobilization of the spine can cause partial an’y 
contraction changes in the soft tissues about the spinal joints. 

The patient was more anxious to secure a good recovery 
tured back than to secure a large settlement. He agreed to take ire 
and was very cooperative. He was referred to our physical , ^nd 

ment for daily treatment consisting of baking the back (heat), m ® 
graduated exercises I could see no reason to treat the fractured veue 
alter 10 weeks by putting the patient to bed or by already 

These would only have added to the stiffening process which .j 

begun in his back. At the end of a month his case was settled for a 
amount and he returned to his regular employment of traveling saiesuM . 


The above cases illustrate that it is not the fractured 
that gives the prolonged disability in back fractures, but u 
obvious, at other times obscure, sequelae that follow in the 
such fractures. 


Treatment. — All during the active treatment eveiy effort , 

made to keep up muscle tone, normal body functions, an . , 
mental altitude. As soon as such treatment is safe, exercises ® ^^5 

added to prevent loss of joint function. Then, as the case becon 
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ambulatory, belts or braces that may undo all these efforts should be 
avoided as far as possible; if they are applied, the period of wearing 
them should be limited to only a few weeks. Start more active heat, 
massage, exercise, and occupational therapy as soon as the case is 
ambulatory, and persist in these until full function and working ability 
ace regained. Do not allow your interest in the case to wane until the 
patient has recovered. There will really be no need of a convalescent 
period after treatment has stopped if this program is carried out. 

Recently I examined a girl with a compression fracture of the sec- 
ond lumbar vertebra. She was being treated admirably. Her doctor 
remarked that one of the nurses in this hospital had suffered a fracture 
of her first lumbar vertebra six months ago and that now she was 
doing full duty. A little later he sent for this nurse. She was a healthy, 
very cheerful girl, standing very erect and in response to the doctor’s 
question, “Are you wearing your back brace?’' she replied, “Oh, yes, 
I couldn’t do without it.” 

On further questioning, the nurse gave the following information: 

“I was in bed seven weeks and then they put on this brace and I 
was able to be up and around and went back to duty at the end of 
three months. Yes, I leave the brace off at night and try for a few 
hours once a week to get along without it, but 1 soon get so tired and 
my back is so weak and sore that I am glad to put it back on. 

“Oh, I feel so good and am held up so straight by this brace that I 
don’t mind wearing it at all.” 

This nurse was becoming wedded to her back brace. Her doctor 
agreed with this and was deeply interested in my suggestions. This hos- 
pital has an excellent physical therapy department, and yet this nurse 
had never been given massage and back exercises. I suggested that 
these should be started and that each day she should go an hour longer 
without her brace As the strength and function of the erector spinae 
muscles returned, she should be able to leave off the brace altogether, 
probably at the end of three weeks. She had been told to wear the 
brace for a year. At the end of that time some such a program would 
be necessary anyway Her fracture was long since healed Why con- 
tinue to wear the brace for a year and make it even harder to go 
without it at the end of that time? Ask any lady who used to wear a 
corset constantly how it made her feel at first to do without it. 

Old Sprains of the Back 

The majority of these sprains, which have symptoms persisting far 
beyond the period when recovery sfaouid have occurred, are located in 
the lumbar region of the back — usually in the lower lumbar and in the 
vicinity of the sacro-iliac joints. 

Symptoms.—Sprains in the cervical region usually manifest them- 
selves by varying degrees of rvryneck and yield more readily to heat 
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and massage, even the massage the patient gives his own neck muscles. 
Occasionally one will see persistent symptoms from such sprains where 
some form of neck brace or collar has been used for immobilization 
for. any considerable period. Such conditions will yield to heat, mas- 
sage, and graduated exercises. Sprains in the dorsal region are uncom- 
mon. Here, again, persistence of symptoms too often is the result of 
prolonged immobilixation. Therefore attention must be directed chiefly 
to these old persistent sprains in the lower lumbar region. 


Etiology. — ^They are usually due to inadequate treatment during 
the acute condition wherein the patient is allowed to remain ambula- 
tory, but, because of the pain on movement, he holds his back quite 
rigid — a condition of self-protecting immobilization. One sees a sirmlar 
condition in bursitis or other acute affections about the shoulder join 
when the patient, for the purpose of relief or protection from paini 
carries the arm adducted to the side of his body. After a few weeks i 


becomes more or less fixed in this position. _ . , 

Another cause for these old sprain cases in the back is * 

an immobilization by treatment. The patient is kept in bed, wit 
any effort at physical therapy, for three or four weeks; then, oec 
he still has pain, a brace or a wide belt is applied 
immobilization. Effort to use these back joints causes JLf,. 

and discomfort that occur in any other part which is unduly 
bilized. 


Pathology. — There are signs and symptoms described to 
entiate between a sacro-iliac and a lumbosacral sprain, but tn 
not always conclusive. The pathology in either case is the sun , 
contraction and thickening of the joint capsule, thickening 
aponeurosis, foreshortening and contracture of muscles due 
being held in the position of greatest comfort; and 
have formed at the site of the exudate and the slight hemo & 
which accompanied the ori^nal sprain. When o!ne 
sprains in back joints just as he does the common ankle spw , 
then better understands the possibilities. 

Diagnosis. — These cases are often extremely difficult to „ j 
Many of them have developed neuroses — “misunderstood ne 
call them. The patient's suffering is misunderstood by the oc 
the family who often make the patient feel that there if ^9^ -|s- 
wrong with him. The patient soon develops an attitude of ^ei^ 
understood. He will not talk of his condition except with syniP^.^ 
friends, and he soon begins to search for sympathetic listener 
gets the habit of talking about his aiiment. The patient cannot e. f 
the peculiar spasm in his back on certain movements, y . 
cannot find a cause for it, he develops secret fears and worrie » |fy 
unconsciousiy begins to exaggerate his compiaints and to mat 
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certain signs when being examined. He cannot understand why his 
trouble persists, why he cannot be relieved, why his doctor cannot find 
a cause. In short, a chain of misunderstanding develops which leads to 
this rather frequent development of neurosis in back cases. 

A pure back neurosis is not common. Underneath the nervous 
phenomena are usually one or more organic conditions in the back 
which, when discovered and relieved, cause the neurosis to fade away. 

The x-ray is usually of no avail in the diagnosis of these old sprains. 

The ordinary physical findings may be of little help. Usually, how- 
ever, a systematic, careful, routine examination of all the back, hip, 
and leg movements will show that certain ones of these are restricted 
or are causing more pain than other movements. Occasionally there are 
symptoms of a sciatica. 

Sciatica 

Sciatica, if of several weeks’ standing, will show the distribution of 
pain somewhere along its course, tenderness on palpation over the 
course of the nerve, atrophy most often in the thigh, and a weakened 
or absent Achilles reflex. Such findings are always suggestive of defi- 
nite organic changes in the lumbar region. 

Finally, I often resort to examination of these patients under anes- 
thesia in order to prove positively where and to what extent motion is 
restricted. 

Case io. — Mr. W. came to me with a history of back disability of 
five months' standing. He was leaning over to his right lifting a 25-lb. 
battery with his left hand when his left foot slipped from under him, throw- 
ing him in a side-twisting movement to the left. He was in severe pain for a 
time, then it eased and he continued to work for the next four days. Each 
day his back pained him a little more and he was a little stiffer on arising 
each morning. On the fifth morning he tried to arise and could not move, 
unassisted. His wife helped him from bed and he managed to dress. ^VTien 
he leaned over to pull on his shoe, a spasm of pain attacked his back and 
he could not straighten up. He was finally helped back to bed and the doctor 
was called, who had him taken to a hospital. An x-ray examination was 
made, but it showed no fracture. He remained in bed for four weeks and 
then was allowed to go home Pain was still present and therefore a wide 
canvas back brace with steel supports was made and he wore this constantly 
until he reported to me four months later. For weeks this patient reported 
to his doctor's office where light treatments were given to the back. He was 
thoroughly tanned over the back and left thigh. At the end of two months 
he had developed pain down the left thigh and leg This became so bad that 
he could not walk. Neither could he sit on a chair for more than 10 min 
without shifting all his weight to his right buttock. He u-as miserable and 
yet he fell that “folks thousht he was putting a lot of it on.” He said “1 
would much rather work and make my $35 00 per week than to loaf and 
draw S1600 a week— what do they think I am?" He had certain neurotic 
signs and symptoms— a “misunderstood neurosis”— and my interne after 
examining this patient, told me that he was a “neuro.” ’ 
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and massage, even the massage the patient gives his own neck muscles. 
Occasionally one will see persistent symptoms from such sprains where 
some form of neck brace or collar has been used for immobihzaUon 
for. any considerable period. Such conditions will yield to heat, mas- 
sage, and graduated exercises. Sprains in the dorsal region are uncom- 
mon. Here, again, persistence of symptoms too olten is the result of 
proionged immobiiization. Therefore attention must be directed cliieny 
to these old persistent sprains in the lower lumbar region. 

Etiology.— They are usually due to inadequate ‘«atm_ent during 
the acute condition wherein the patient is allowed to 
tory, but, because of the pain on movement, he 
rigid— a condition of self-protecting immobilization 
condition in bursitis or other acute affections about the J 

when the patient, for the P“n>ose »f relief or 
carries the arm adducted to the side of his body. Afte 
becomes more or less fi-xed in this position.^ nroloneed 

Another cause for these old sprain cases in the back is P 
an immobilization by treatment. The patient is ’ ^gcausc 

any effort at physical therapy, for three or S„ue7the 

he still has pain, a brace or a wide belt is applied whic 
immobilization. Effort to use these back joints cau^se , , 
and discomfort that occur in any other part which is unduly im 
bilized. 

Pathology.— There are signs and symptoms Shesfart 

entiate between a sacro-iliac and a lumbosacral spra^ . ^ 

not always conclusive. The pathology in either ^ Jf the 

contraction and thickening of the joint capsule, tn . jheir 
aponeurosis, foreshortening and contracture of mus ,, ,,vhich 

being held in the position of greatest hemorrhage 

have formed at the site of the exudate and the ^ig . ^zes the 
which accompanied the ori^nal sprain, ^^^len vif. smain, he 
sprains in back joints just as he does the common a 
then better understands the possibilities. 

Diagnosis.— These cases are often extremely difficult » I 

Many of them have developed neuroses — doctor and 
call them. The patient's suffering is misunderstood by 
the family who often make the patient feel that ther 
wrong with him. The patient soon develops an cvmp^thetic 

understood. He will not talk of his condition except ynlil he 

friends, and he soon begins to search for sympathetic ^ explain 

gets the habit of talking about his ailment. The patient doctor 

the peculiar spasm in his back on certain nrrjes and he 

cannot find a cause for it, he develops secret fears and n ^^agnify 
unconsciously begins to exaggerate his complaints an 
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The examination when he entered my service at St. Luke’s Hospital was 
negative except for slight restriction of motion on flexing the left thigh on 
the abdomen, pain on forcing further flexion, and tenderness over the left 
sciatic nerve with definite muscle atrophy in both the left thigh and calf and 
absence of the Achilles tendon reflex. The patient localized the pain each time 
in the neighborhood of the left articulation of the fourth and fifth lumbar 
vertebrae and from there down to the ilium near the posterosuperior spine. 

This patient was given an anesthetic and examined. When both thighs were 
flexed upon the abdomen as far as possible, it was quite noticeable that the 
right thigh would flex from three to four inches nearer the abdominal wall 
than would the left. This was the only motion that seemed limited. 

Treatment of this case consisted of the following: 


Manipulation . — ^\Vith the patient anesthetized, my assistant flexed the 
right thigh while I flexed the left thigh as far as was possible without undue 
pressure. The thighs were then alternately extended and flexed, rocking the 
patient’s buttocks off the table and each time bringing both thighs as nearly 
as possible into contact with the abdominal wall. Soon there was a sensation 
of soft crepitus or of “giving” in the left side of the back near the fifth 
lumbar vertebra and ilium. With each rocking the left thigh came more into 
alignment with the right on complete flexion. The manipulation was con- 
tinued until both thighs flexed equally. 

Those who observed the manipulation and felt the “giving” of the soft 
tissues in the small of the back agreed that we had broken up some old ad- 
hesions or had stretched thickened ligaments and muscles until the restricted 
flexion of the thigh had been overcome. This procedure was done gently 
rather than forcibly (Figs. 13a, 136). 


Immediate After-care — The patient was returned to bed and large hot 
fomentations were applied to the back and changed every two hours 
At each changing the patient turned on his stomach and a large baking 
light was placed over his back. Thus there was no sudden cooling of the 
back. He was encouraged to exercise his legs often and to flex them as far 
as possible. A gentle but stimulating massage was given the same afternoon 
This treatment was continued all night with massage the next morning, 
followed by assisted exercises The technician was shown the nature of these 
exercises which consisted of flexing both thighs upon the abdomen as far as 
possible with mild but steady pressure made upon the left thigh to increase 
its flexion range The massage included the left leg from the foot upward. 


Continued Treatment . — After the third day this patient was taken to the 
physical therapy department in a wheel chair and there the larger baker 
furnished heat to his back and leg for 30 minutes to one hour. This was fol- 
lowed by approximately one hour of steady, ever-increasing-in-force massage. 
Assisted and active graduated exercises were then given. After a week tub 
oaths of hot water for 20 minutes followed by a brisk rub and the applica- 
tion of heat to the back and leg on returning to bed were added. 

This patient was constantly encouraged and every effort was made to 
overcome the attitude of being misunderstood. Occupational therapy con- 
? basketry was started the first week. This had nothing to do with 
me Dack muscles but was a great mental diversion and helped materially 
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Fio. 13a.— Case of sciatica, left side, developing after lumbosacral sprain. Euminsti 
under anesthesia showed limitation of thigh fle’iion. 



Spondylolisthesis 'voinrae ii] 57 

After three weeks this patient was able to sit for an hour without pain in 
the region of his left buttock The pain and tenderness along his sciatic 
nerve disappeared, and he could walk about the ward for a short distance 
without the pain’s returning. At this stage he spent an hour in the occupa- 
tional therapy w’orkshop pedaling the jig saw with his feet and standing at 
the work bench. 

At the end of five weeks the patient felt that he was so much better that 
he could return home and carry out the treatment there. He left against my 
better judgment. He returned in three weeks with the condition aggravated 
but not as bad as at first He has agreed to remain until cured which will 
take from 8 to 12 weeks He is now under his final treatment consisting of 
heavy exercises, long walks, and rather heavy work jn the workshop. Figures 
14a and 14b show this patient exercising on a rowing machine. 

This rather lengthy resume serves to illustrate the methods of diag- 
nosis, the manipulative surgery, and the physical and occupational 
therapy so often necessary to overcome these old persistent back 
sprains. Each case is a problem unto itself and must often be handled 
in a different manner, but the physical therapy maneuvers given in this 
case, if persisted in sufficiently long, will result in a cure in most cases. 
Occasionally when progress seems to stop, further study is necessary 
to find the cause. It may be necessary to repeat the manipulation 
under anesthesia two or more times. Continued interest in the case and 
persistence in treatment are of paramount importance. 

Congenital Conditions 

Congenital conditions associated with injury are most frequently 
found in the lower lumbar and sacral re^ons. 

Spondylolisthesis 

Etiology. — Spondylolisthesis, or an anatomic slipping of one verte- 
bra on another, may be congenital or the result of trauma. Great atten- 
tion has been paid of recent years to the abnormally acute angle 
formed by the fifth lumbar and the first sacral vertebrae. At times this 
is so marked that all the weight of the trunk seems to rest upon the 
vertical sacro-iliac joints and very little support is offered between the 
fifth lumbar vertebra and the sacrum. Usually in these cases there is a 
more marked lordosis in the lumbar region. A condition of hyper- 
lordosis may result in a gradual stretching of the ligaments in this 
region, and when some sudden torsion or rotation strain occurs as the 
result of a mild or severe trauma, the symptoms of a strain or sprain 
of the lumbosacral region develop. This abnormality is often asso- 
ciated with faulty posture. The slight lifting or the sudden turning 
which is blamed for the condition is usually only the “last straw,” the 
real cause being the congenital condition, the faulty position, and the 
years and years of continued strain exerted upon this joint. There is 
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should then be put at rest on a firm, straight bed with increasing 
amounts of firm pillows added to the lumbar region to preserve the 
benefits of the manipulation and gradually to increase the lordosis. 

Continuous heat, daily massage, and graduated exercises should be 
added to the treatment of manipulation. The effort should be made to 
relieve the pain, cure the sprain, and restore the patient to normal if 
possible without resorting to immobilization and support. 

In older individuals the fixity of the joints and soft tissues may pre- 
vent correction, and the only relief may come from back support by a 
suitable brace. 
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no wonder that complicated questions arise in these cases, when com- 
pensation is involved, considering the insignificance of the alleged 
accident as a causative factor as compared with these other conditions 
in no manner related to the accident. 

Treatment. — The treatment of such an injury should be upon the 
same principles as those laid down for lumbosacral sprains— rest, heat, 
massage, and very carefully guarded and graduated exercises. Great 
attention should be given to the exercises aimed at correcting faulty 
posture. Many of these cases are far advanced in years before the joint 
finally weakens and the “last straw” force lays them low. Often the 
back pain will persist in spite of all that can be done, and relief is 
secured only by wearing of a suitable support. Such a support should 
aim at the correction or the support of the “pot belly” as well as the 
immobilization of the lumbosacral region. 


Flat Back 


Flat back, or a loss of (he lumbar lordosis, usually shows an ab- 
normal lessening of the lumbosacral angle. The condition receives very 
little consideration and yet it may cause even more marked disabimy 
than the hyperlordosis. Individuals suffering with it tend to suffer 
strains or sprains more readily. The mechanism for correction rs tne 
same as for the opposite condition (Fig. 15). 

Diagnosis. — Patients with a flat back can usually be recognized by 
inspection which will reveal the characteristic flatness of this area, 
when they lie upon a flat table, all the lumbar spinous processes r« 
on the table; the characteristic movements of this region are lost, 0 
example, on flexion and extension, the lumbar spines seem to move a 
one bone somewhat similar to a poker back, and finally, 
cannot increase the lordosis by raising their bodies from the table 
the weight resting upon the shoulders and feet, with the lower legs 
flexed. 

. In the absence of all other physical findings and of negative 
if an individual shows these characteristic signs of flat back, one s 
suspect a sprain aggravated by this congenital condition. 


Treatment. — -In younger individuals 

als and, if necessary, aiven under an u-r 
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pealed at intervals and, if necessary, given under an "ulr 

be employed. The purpose is gradually to lift upward on the lu 
vertebrae and endeavor to increase the lordosis. With each 
tion the same flexion of the thighs upon the abdomen and the sire c 
of the b.ack muscles. ligaments, and adhesions should be 
described for manipulations in sprains of this region. The pa 
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should then be put at rest on a firm, straight bed with increasing 
amounts of firm pillows added to the lumbar region to preserve the 
benefits of the manipulation and gradually to increase the lordosis. 

Continuous heat, daily massage, and graduated exercises should be 
added to the treatment of manipulation. The effort should be made to 
relieve the pain, cure the sprain, and restore the patient to normal if 
possible without resorting to immobiluation and support. 

In older individuals the fixity of the joints and soft tissues may pre- 
vent correction, and the only relief may come from back support by a 
suitable brace. 
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Sacralizeo Fifth Lumbar Veetebsa 

This is not an uncommon anomaly. It is seen in a great number of 
cases x-rayed for other conditions, and in the vast majority of these 
aosomteiy no symptoms of discomfort or disability can be elicited, 
in other cases, however, in which there is backache, and in which the 
x-ray picture shows this defect, we are probably too prone to attribute 
the trouble to an impinging fifth transverse process. Unquestionably 
there are injuries to the back in which these do play a part. There are 
probably other cases of low back pain not related to injury that can- 
not be explained upon any other basis. 

Pathcdogy . — This congenital condition generally shows a sacrum 
set low between the ilia with one or both fifth transverse processes 
impinging upon the sacrum. Usually one of the fifth transverse proc- 
esses IS widened and sometimes irregular in form and lies in close appo- 
sition to the sacrum on that side. At times a definite articulation may 
he seen between the two. 


Etiology. — Injuries to this region may occur in many ways. A re- 
striction of motion due to the enlarged process must e.Yist with an 
unbalance^ between the two sides which conceivably could make the 
opposite side more prone to strain. A sudden torsion or lateral flexion 
01 tne body toward the side of the anomaly could cause a bruising of 
l e process or the sacrum; a pinching or contusion of the soft tissues 
lying between; a traumatic arthritis if an articulation had developed 
between the two. I am convinced that I have seen several cases in 
wbicn the entire trouble ivas due to this congenital condition combined 
with an injury. 

Mennell,^ in a recent book entitled Backache, describes a patient 
WHO suffered an injury to his back and in whom the x-ray finding 
uggested the possibility of an impinging fifth transverse process. The 
pulmonary hemorrhage during the course of treat- 
follows' ^ describes his findings at the autopsy and his conclusions as 


of Or. Weir, irho performed He poslmortem »- 
This ivp (!■. ^ "ry attention to tlie lumbosacral • 

Unn\ “re, and found that certain movements of He 

ofX el “ r*®'' ‘o ^ Srmly nipped W"*" 

i nns imL! y ‘.™='-erse process and the top of the ^crura IW 

laise ioinl^^i'w^j ro withdraw it without the csercise of e-xtreme [‘'re ' 
the sacnim detected between this transverse process and the toP 

r" ’“•vims that, when this movemea 

the loD^i^Sr? '''■ fractures between the transverse Pr*«s 

the lop 01 the sacrum must have oinched verv severely. The mef* 

rKSS"?!!," ““'T'HrdionXg p?Hent toing 

the silting pi-moi,, rotation of the imnic in Me direction was painless, lA* 
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rotation in the other direction greatly augmented the sj-mptoms of which 
he was complaining, particularly when the trunk was inclined backward. 
Moreover, the fact was quite definitely established that only rotation in the 
one direction had this effect, and the whole of the rest of the examination, 
which has been previously explained, was completely negative. So, too, on 
postmortem examination it was only the one movement which caused the 
nipping between the transverse process and the sacrum — a nipping which it 
was quite impossible to secure on the opposite side in any position. 

Of course there is always the danger of basing an opinion on the examina- 
tion of any one case, but when years of experience in dealing with an im- 
mense mass of material lead to entire change of opinion, and when the one 
case in which examination was possible entirely confirms the clinical experi- 
ence on which this voltc-^act was based, the value of this one case is 
materially enhanced. It is unlikely that an opjwrtunity of repeating the 
investigation will occur, and, from a technical point of view, the occurrence 
of even this one case must be regarded as a piece of extreme good fortune 

The question will, of course, be raised how this particular patient, whose 
life had been spent in ordinary, laborious work, had been able to carry on, 
year after year, without symptoms. In spite of the fact that this enlarged 
transverse process had undoubtedly existed throughout his working years. 
If we are to attribute the symptoms from which he was suffering to the 
presence of this transverse process, there can be only one possible explana- 
tion, which is as follows; 

The ligaments connected with the lumbosacral junction are of a com- 
plexity and a strength which can be described only as immense, and it is to 
be presumed that these ligaments ate so arranged that, in orditxary life, 
movement to an extent which will allow the production of symptoms is 
prohibited. Thus, as' long as these ligaments remain intact, unstretched, and 
uninjured, an individual can carry on free from symptoms, in spite of 
structural abnormality. tMien, however, as the result of accident, undue 
strain is thrown upon these ligaments, a stretching, which only adds an 
infinitesimal amount of mobility to the joints, may none the less be sufficient 
to allow just enough mobility of the tip of the transverse process to cause a 
nipping of the soft structures, and thus to produce symptoms. 

The abnormality may be suspected as the cause when pure rotary 
movements to one side or the other increase the pain in this locality. 
^\Tien this congenital anomaly is present, in the absence of other find- 
ings, it should always be considered in the light of a causative factor. 
The following case is illustrative: 


Case ]i.— C. F., aged 40, was thrtnvn back^vard by a sudden jerk of a 
tram and struck his back forcibly against a stove. He was twisted sideways 
and the small of the back was bruised. He uns taken to a local hospital 
where an x-ray picture was made but he was told there were no fractures 
TnA u strapped, and he was alltnved to go home. Symptoms increased 
and he could not move his back without excruciating pain. He reported to 
he doctor or trentmen, ,« and after three neeks'a Long bad bm e 

■as made for h.m tvhich he wore constantly, sleeping in it for the first 
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Sacralized Fifth Lumbar Vertebra 

This is not an uncommon anomaly. It is seen in a great number of 
cases x-rayed for other conditions, and in the vast majority of these 
absolutely no symptoms of discomfort or disability can be elicited. 
In other cases, however, in which there is backache, and in which the 
x-ray picture shows this defect, we are probably too prone to attribute 
the trouble to an impinging fifth transverse process. Unquestionably 
there are injuries to the back in which these do play a part. There are 
probably other cases of low back pain not related to injury that can- 
not be explained upon any other basis. 

Pathology. — ^This congenital condition generally shows a sacrum 
set low between the ilia with one or both fifth transverse processes 
impinging upon the sacrum. Usually one of the fifth transverse pro - 
esses is widened and sometimes irregular in form and lies in close a^ • 
sition to the sacrum on that side. At times a definite articulation y 
be seen between the two. 

Etiology. — Injuries to this region may occur in many 
striction of motion due to the enlarged process must exist w 
imbalance between the two sides which conceivably could . 
opposite side more prone to strain. A sudden torsion or . . .f 
of the body toward the side of the anomaly could cause a brm s ^ 
the process or the sacrum; a pinching or contusion of i.^ed 

lying between; a traumatic arthritis if an articulation had ae f 
between the two. I am convinced that I have seen severe , . 
which the entire trouble was due to this congenital condition c 
with an injury. mtient 

Mennell,’ in a recent book entitled Backache, describes 
who suffered an injury to his back and in whom the x-ray 
sugpsted the possibility of an impinging fifth transverse - treat- 
patient died of a pulmonary hemorrhage during as 

ment. He describes his findings at the autopsy and his cone 
follows: 

Thanks to the courtesy of Dr. Weir, who performed the 
amination, I was able to turn my attention to the ly*"bosacra j 
This we dissected out with care, and found that certain move the 

trunk caused the thin edge of a chisel to be so firmly "'ppea 
tip of the elongated transverse process and the lop of the 
it u-as impossible to withdraw it without the exercise of .1,. {op of 

false joint could be detected between this transverse process ^as 

the sacrum, and it at once became obvious that, when this ^55 and 

performed during life, the soft structures between the The most 

the top of the sacrum must have been pinched very severely. 
prominent point In the c-xamlnation of this patient during life 
the sitting position, roUUlon of the trunk in one direction was painie>3, 
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sage, which was increased gradually in force. After two weeks when pain 
had been eliminated he went to the physical therapy laboratory for the same 
treatment plus graduated exercises. Within four weeks he was working in the 
occupational therapy department — work which necessitated bending to the 
left to pick up objects (Fig. i6). 

He has recovered for the time being, but probably some rather trivial 
accident will cause another attack. In these cases there are other lines of 
treatment which are advocated. 

Treatment. — Operative treatment is advocated by several good sur- 
geons who advise the removal of the offending transverse process. 
Some good results have been reported. On the other hand, I have seen 
tw’o patients who had been operated on, and yet both of them had con- 
tinued trouble. Personally I believe operative treatment should be lim- 
ited to only a very few cases, these to be chosen from younger indi- 
viduals who fail to react to proper physical therapy management. 
After operation the same physical therapy treatment must be given to 
insure complete recovery. 

Immobilization by a supporting or fixation brace to prevent the 
movements which cause pain may also be adopted. If the brace is to 
be eliminated finally, most cases will need careful physical therapy 
management. 

Spina Bifida 

Spina bifida is a congenital condition quite frequently seen in x-rays 
taken because of complaint of back pain following some injury. As 
a rule the condition is simply noted, but no connection with the injury 
is considered. Mennell calls attention to the fact that occasionally the 
upturned incomplete spinous process of a spina bifida may lie close to 
the adjoining vertebra and that soft tissues may be pinched between 
these on certain movements. 

The frequency with which this condition, as well as other anomalies, 
is found in the low’er back in injury cases compared with the infre- 
quency of their findings in x-rays for other conditions makes one con- 
jecture on the probability of inherent weakness in the spine due to 
spina bifida as a predisposing cause to trauma. 

Spinous Process Anomalies 

Bifurcated spinous processes may cause pain by catching a ligament 
or by locking on certain movements. Occasionally they may be so an- 
gulated as to impinge on the adjacent spinous process. Mennell again 
points out that this latter condition may cause a pinching of soft tis- 
sues on certain movements. 

The treatment recommended by Mennell for these conditions is the 
wearing of a belt with a plate fitted to the region of the spine to 
prevent overextension, the movement which usually causes the pain 
^ne should consider operative removal of the offending spinous process 
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month. In spite of this treatment his disability continued, 'WTjenever be left 
the brace off, the pain and discomfort would grow worse. 

He was referred to me after seven months of this continued trouble Et- 
amination showed a muscular, well-built man of some 140 Ib., with no 
extra fat. He wore a back brace and walked carefully, as though protecting 
his back against jar. He could flex fonvard almost normally and without 
complaint of pain. Extension of his back developed pain slightly above and 
internal to the sacro-iliac joint. Lateral flexion and rotation to the left 
caused definite pain. The (highs could be flexed upon the abdomen equally, 
yet extreme flexion of the left thigh gave pain. Kernig’s sign was not present 
and there was no sciatica. £.xaniination of the back showed no deiomity. 
Palpation with the finger tips shoivcd a sense of tenseness or spasticity in 
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the musclw of the left side as compared with those of the right, 
could be increased by movements whidi caused pain. Tender or 
no^ could be felt in the muscles of the left side of the low b?ck. 

The x-ray showed the sacraKzed fifth lumbar vertebra with the g 
widenctl transverse process on (he left as shown in Figure 2. It "'as poss 
to s« a slight articulation betw'een the process and the sacrum. 

Dia^osis was a bruise of this anomalous arliculalimi mih a 
arthritis plus contraction of the licaments, muscles, and aponeurosis 
prdonsed immobiliaiion and disuse. , . , 

Treatment consisted of pbemg this patient in the hospital ’ch"', 
in a firm, straight bed and was Riven continuous heat and gentle da y 
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held firm and almost rigid, knees straight, and feet straight or toed in. 
A full-length mirror should be installed in the treatment room, and 
these patients should be drilled in front of it until they have this 
proper posture firmly fixed in mind. In the presence of strained or 
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Flatfeet may be the basis of certain faulty postures or of imbalance 
underlying the painful back. With this as a predisposing cause a slight 
injury may e.xcite the back trouble. 

I have had several cases of persistent disability from alleged in- 
juries referred to me for reconstructive treatment whose condition 
was relieved by massage and exercise of the feet combined with rest. 
A very good exercise for the feet is walking on the toes in a pigeon- 
toed position. Flatfoot Is considered at length by Lewin (Vol. II}. 


Osteo-arthritis 

Osteo-arthritis of the spine is so frequently found associated with 
an injury that one’s ingenuity and judgment are taxed to determine 
whether the injury' plays a* part in the trouble or whether it is solely 
due to the arthritis. 

Etiology. — Injuries to the joints of the back can produce an acute 
traumatic arthritis just as can Injuries in other joints. Repeated trau- 
mas in time may lead to a hypertrophic arthritis. Probably a severe 
injuf>', such as a compression fracture, may be accompanied with some 
definite damage to the articular surfaces, and such a joint may more 
readily be subject to arthritis. 

Unquestionably when the “spring” is gone from the feet and one 
becomes conscious of pounding his back joints when walking on a hard 
pavement, one is in a potential position to develop a tj'pe of traumatic 
arthritis. The repeated trauma to the back which is the result of hard 
work in faulty positions, as in mining, in time results in osteo-arthritis. 

Overlifting, a sudden twist, the jerk of a train, a fall, or a similar 
mild trauma in such an individual will result in a disabling back con- 
dition, The patient frequently has never been disabled and has never 
been conscious of the arthritis. To convince him that he has a diseased 
condition and that the injury played no part in it is impossible. In 
fact, one must in fairness say that in the majority of these cases the 
mjur>', although trivial, aggravated or e.xcited a latent arthritis. 

Treatment. — The treatment of arthritis is dealt with at length in 
other chapters. These cases, however, must be put at rest during the 
acute stage and heat should be applied to relieve the pain. Dry heat 
such as an electric pad, a baker, or an infra-red lamp, is best. Tractiori 
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I have had one case of fracture of the fourth spinous process where 
the signs and symptoms were quite similar to a sprain-fracture about 
other joints. Rest, immobilization in a firm, straight bed, wth heal, 
massage, and graduated exercises after four to six weeks, were the 
forms of treatment followed. 


Injuries of the Coccvx 

Congenital anomalies are common in this bone. Fractures and dis- 
locations of the coccyx are exceedingly difficult to diagnose. The x-ray 
of the normal coccyx in a large number of cases shows all kinds o 
variations in the position of the coccyx. Thus Potter states th^ e 
will seldom give an opinion relative to a dislocation of this ne. 
Fracture lines may occasionally be demonstrable. 

The history of a fall or blow directly on the coccyx followed by acuw 
symptoms is far more suggestive. Old cases of long standing , 
ful coccyx dating from such an injury often develop such ® 
scure symptoms that one is prone to say that the patients are n 
thenic. ^ v-nd 

Early manipulation of the coccyx wth the index h-.v 

in the rectum and the finger of the other hand pressed against 
of the coccyx will sometimes give miraculous results. or 

All cases of continued pain and especially pain on 
after sitting for any length of time should receive carefu p y 
therapy before operative removal of this bone is ‘ .vg 

(in this case, heat in the form of diathermy) will * {g^v 

pain temporarily. Heat should be followed by massag^ A 
treatments of this nature, manipulation of the coccyx snou . . 
to see if the painful condition cannot be . ^..Lj jn con- 

After several attempts have failed, then the surgeon is ^ 

sidering operative removal. Physical therapy, especially neat 
sage, should follow the operation. 

Postural Conditions Associated wtth INJURE' 

Faulty posture, especially the relaxed type— the head 
ward, the neck markedly flexed, a somewhat hollow chest, ^ 

round back, the “pot belly” with relaxed abdominal ^ feet 

marked lordosis in the lumbar region, knees slightly bent, 
turned outward — is characteristic of weak back. WTien su 
vidual suffers even a trivial injury, he develops a strained 
sprained back that is very persistent. rrpction of 

Any treatment of these cases that does not aim at the 
the faulty posture is usually doomed to fail. The strain or spra<» 
be treated as already outlined. ^ , ... veadi, 

In addition, these patients must be drilled to hold up t 
chin drav .lightly in, back erect, abdominal muscles suckeo 
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Heat, either moist or dry, and even diathermy may be used to aid 
in the absorption of these blood collections. Later massage consisting 
of gentle stroking in the direction of the venous flow will be of great 
assistance. Seldom is it necessary to incise and evacuate the large blood 
clot, although in certain cases this may be advisable. 

Burns 

Burns of the back are difficult to treat because they are often ac- 
companied by burns on the abdomen and it is hard to keep the patient 
off his back. It is equally hard to prevent soiling and infection in the 
low back burns. 

Tannic acid treatment may be indicated. Often these cases do better 
under open air and light treatment. The patient is placed on his ab- 
domen, a sterile tent is made over the bed, and heat is applied to the 
back by a large electric light bulb. The temperature in the tent is 
maintained at 76 to 80® F. (24.4 to 26.6'=’ C.). Such a patient can 
be lifted from the bed and suspended in a tub of warm water to soak 
away the crusts. This form of hydrotherapy is dealt with by Blair 
and Bro^vn (Vol. 11 ). It can be repeated two to four times per day. 
tJltraviolet treatment of the scars followed by massage is indicated 
if excessive scarring occurs. 

Sensitive Nodes 

In many cases of old back injuries as well as in persistent back pain 
from posture, disease, or other cause, we frequently find on careful, 
gentle palpation small, slightly movable tender nodes which seem to lie 
in the muscle or fascia. These have been called “fibrositic deposits," 
“myofascitis,” and by similar descriptive names, indicating that they 
are changes in the muscle or fascia. 

For several years I Have noted and have called my colleagues’ atten- 
tion to small sensitive nodes under the skin in many of these chronic 
back cases. A peculiar phenomenon in connection with these nodes is 
their tendency to disappear on persistent palpation. Thus one feels the 
node, moves it around, palpates it for a time, and then it seems to dis- 
appear. I have called one or two of my associates to examine such a 
node. Perhaps by the time the third doctor starts to feel it the node is 
no longer present. Technicians have noticed these “knotted muscles” 
disappear under their massage. A similar phenomenon is often noticed 
in palpating a spastic colon. After it has been rolled several times 
under the examining finger the bowel seems to relax and can no longer 
be palpated. A more acute condition is seen in “muscle cramp” when, 
in the calf of the leg especially, a hard knot, excruciatingly painful] 
appears. It is often relieved only by massage or by bearing weight upon 
ihe leg, when it suddenly disappears. 
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is often a useful measure. Very gentle stroking massage should be 
given daily. Only such exercises as flexing and extending the lower 
legs are all these patients can stand in acute cases, but as the acuteness 
subsides, the force of the massage is increased, and assisted exercises, 
such as helping the patient to lift the shoulders or placing the hand 
under the buttocks and having 'the patient contract the muscles as 
though lifting his back from the bed, are added. Great attention must 
be paid to the bed during this stage. It should not sag or cause faulty 
posture positions to develop. As soon as possible, bring flexion and 
lateral motions and extension into the exercises and continue the beat 
and massage. Diathermy may now be found an excellent method of 
giving the heat. That method of applying heat wWch’gives the greatest 
relief of pain is best. Many methods may have to be tried, but the 
treatment must be persisted in until the patient has again returned to 
that painless, quiescent stage of arthritis which existed prior to the 
injury. 

General treatment must not be neglected. Every arthritic patient 
has a pitcher of lemonade at his bedside and he is urged to 
least two quarts in the 24 hours. Aspirin, sometimes combined wtn 
pyramidon, is used to relieve pain. Effort must be made to build up the 
general condition of the patient. . , . 

A certairt number of these cases will not be relieved by this reginie. 
Immobilization of the back in a specially made back brace may be the 
only means of allowing such a patient to become ambulatory. Ht^ver, 
before the back is immobilized in a brace, every effort should be 
pl^ed to prevent the contraction and disuse of the muscles, Ihethic * 
ening of the joint capsules and ligaments following the synovitis 01 
acute condition, and the painful stiff back. Certain cases will graau- 
ally become quiescent in a brace and the brace can then be eliniina e , 
but many arthritic patients who must wear a brace will be semi 
invalids. 


Tuberculosis or Malignancy 

Injury may be the first indication of tuberculosis, a malignancy (p*^i 
mary or usually metastatic), or other diseased condition of the spi 
Ine treatment of these conditions is dealt with in other chapters. 


Injuries to Soft Tissues of Back 

Hematomas may develop in the back and may be of extremely 
I e n quite disabling. I have seen several cases of fractures m 
lumbar region and two with fractures of the pelvis develop la/pe hems 
tomas in the back and flank. In two of these cases aspiration o' 
mtus removed several hundred cubic centimeters of bloody 
one ca^ the aspiration had to be repeated three times at intcn'als oi 
two and five days. 
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Heat, either moist or dry, and even diathermy may be used to aid 
in the absorption of these blood collections. Later massage consisting 
of gentle stroking in the direction of the venous flow will be of great 
assistance. Seldom is it necessary to incise and evacuate the large blood 
clot, although in certain cases this may be advisable. 

Burns 

Burns of the back are difficult to treat because they are often ac- 
companied by burns on the abdomen and it is hard to keep the patient 
off his back. It is equally hard to prevent soiling and infection in the 
low back burns. 

Tannic acid treatment may be indicated. Often these cases do better 
under open air and light treatment. The patient is placed on his ab- 
domen, a sterile tent is made over the bed, and heat is applied to the 
back by a large electric light bulb. The temperature in the tent is 
maintained at 76 to 80® F. (24-4 to 26.6® C.). Such a patient can 
be lifted from the bed and suspended in a tub of warm water to soak 
away the crusts. This form of hydrotherapy is dealt with by Blair 
and Brown (Vol. II). It can be repeated two to four time.s per day. 
Ultraviolet treatment of the scars followed by massage is indicated 
if excessive scarring occurs. 


Sensitive Nodes 


In many cases of old back injuries as well as in persistent back pain 
from posture, disease, or other cause, wc frequently find on careful, 
gentle palpation small, slightly movable tender nodes which seem to lie 
in the muscle or fascia. These have been called “fibrositic deposits/' 
“myofascitis,” and by similar descriptive names, indicating that they 
are changes in the muscle or fascia. 


For several years I Have noted and have called my colleagues’ atten- 
tion to small sensitive nodes under the skin in many of these chronic 
back cases. A peculiar phenomenon in connection with these nodes is 
their tendency to disappear on persistent palpation. Thus one feels the 
node, moves it around, palpates it for a time, and then it seems to dis- 
appear. I have called one or two of my associates to examine such a 
node. Perhaps by the lime the third doctor starts to feel it the node is 
no longer present. Technidans have noticed these “knotted muscles” 
disappear under their massage. A similar phenomenon is often noticed 
m palpating a spastic colon. After it has been rolled several times 
under the examining finger the bowel seems to relax and can no longer 
pe palpated. A more acute condition is seen in “muscle cramp” when 
m the calf of the leg especially, a hard knot, excruciatingly painful* 
appears. It is often relieved only by massage or by bearing weight UDon 
ihe leg, uhen it suddenly disappears. 
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Ph3rsical Therapy in Back Injuries 


■ Etiology. — One conjectures concerning these more chronic sensitive 
nodes which are felt in the lower back and are often present in the 
muscles of the back of the neck and frequently in the lower extremi- 
ties. Is it not possible that they are spastic muscle bundles or muscle 
fibers and that all these phenomena are more or less due to the same 
causes? We see spastic colons in nervous, highly strung, tense indi- 
viduals. Often there is a history of worry, phobias of various kinds, and 
fatigue due to all work and no play. There is bowel dysfunction when 
may cause the local fatigue. In the acute muscle cramp, fatigue is often 
present, and it is very common in the pregnant woman who is heavy on 
her feet. Hunters sometimes get it at night after a hard 
in the woods. Imbalance due to flatfoot or changing from nign ee » 
to low heels may cause it. Frequently it is noted after long perio s 
stress and great fatigue. ^ t .1. 

In the more chronic, localized sensitive nodes in the injured ^ 
have the fatigue of dysfunction in the muscles, the ^ i.,, 

ness over the condition, the fatigue of holding the 
rigid, and the lack of exercise; often the patient is a mg y 


individual. . . . js. 

Usually the condition is ascribed to a toxic or infectious , j- 
designated as a myofascitis. It is mentioned as an indjcatjon J . . 
flushing to rid the body of these toxic substances, 
there is real evidence which points to the possibility that Y’® 
is due to fatigue poisoning or the dysfunction of the local in 
' to a small muscle bundle due to local or general fatigue. 


Fatigue.— Fatigue is thought of in connection with ^ g. 
“Dead tired” at night from a hard day’s work involving mu 
cular activity is a healthy condition, as a rule, but fatigue t 
from great tension as seen in the high-powered fussing 

tensed, nervous woman worn out by the cries of the baoy> 
of the older children, and the housework, or fatigue due to P . ’ 
comfort, holding one’s back rigid to get a little respite fro P ^ 
these continued over days and weeks can be a very untiea y 
of fatigue. . , jj Qf 

Individuals with fatigue of this kind can develop ^ ^uad- 

backache. The colon can be palpated usually in the left I 
rant. The sensitive nodes herein described can likewise e p . 
in the case of backache. Cure the one by rest and change 
release the tension, and establish healthy exercise, and you ‘ 
cure the other. Perhaps colonic flushings help, but I have s faulty 
cured without them by developing a health regime, correctmfe 
posture, relieving the causes for worry at home or at wor f 
plying heat and massage to the sensitive area in the back 01 
or low back. 

Fight years ago I developed a lame back and pain y,-ith 

sciatic nerve. I was treated Aviih intermittent heat and massage 
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only temporary relief. Finally I had my teeth x-rayed and took the 
films to Dr. Thomas Gilmer, positive that two of my teeth had better 
come out. Dr. Gilmer was on the same hospital staff and knew that I 
had been working very hard and under great tension. He asked relative 
to my last vacation and how much exercise and play I was getting. It 
had been a year since I had had a short vacation and I had almost for- 
gotten how to play or exercise. Instead of pulling the teeth he gave me 
a valuable talk on fatigue and fatigue poisoning from prolonged high- 
pressure work and suggested that a vacation would cure the back and 
leg trouble. The next week, accompanied by ray wife, I started for 
Seattle. The first morning we left our sleeper for 1 5 minutes at Minne- 
apolis and walked up and down the platform. I felt very peppy and 
finally my wife asked concerning my backache. To my surprise both 
the backache and the tendency toward sciatica had disappeared and 
never returned except years later when I again became “tensed up” 
with overwork. This was not neurosis — it was simply relaxation and 
getting rid of chronic fatigue. 

Let an individual prone to these sensitive nodes sustain an injury 
ever so trivial and frequently he develops a chronic traumatic back; 
or let one suffer a sprained back and go for weeks with the back held 
rigid by a protective muscular tension or lie in bed without exercise or 
massage and he will develop these sensitiye nodes. Thus they play a 
very important role both in diagnosis and in treatment. 

Diagnosis. — When located in the back of the neck, they are felt 
just lateral to the cervical spines and are usually superficial, although 
deep palpation may be necessary to feel them. At times they occur in 
the supraspinatus muscle or over the scapula. They are often mis- 
taken for glands. They are sensitive to pressure, are usually accom- 
panied with a sense of soreness or slight stiffness in the neck, and often 
cause a low-grade occipital headache. They usually soften and disap- 
pear under massage but may return again in a short time. A mild form 
is that found in tired business men who notice the tense, sore feeling 
in the neck after going to bed and who are frequently relieved when 
the wife rubs the back of the neck for a short period. 

When these occur following injury or in cases of long illness, regular 
periods of application of heat followed by at least 30 minutes of rhyth- 
mic, stroking massage and then kneading massage Vrill relieve the con- 
dition. The treatment must be persisted in until the relief is permanent. 

In the small of the back these sensitive nodes are most frequently 
felt in the gluteal regions Just outside the sacro-iliac joints; in the 
erector spinae muscles, near their outer borders and opposite the fourth 
and fifth lumbar vertebrae or just lateral to the spinous process of the 
first lumbar vertebra. Often a sensitive area is felt near the sciatic notch 
and similar sensitive nodes are usually present in one or both legs. 
The commonest site in the leg is at the upper margin of the calf about 
one inch from the inner side and two inches below the head of the tibia. 
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Etiology. — One conjectures concerning these more chronic sensitive 
nodes which are felt in the lower back and are often present in the 
muscles of the back of the neck and frequently in the lower extremi- 
ties. Is it not possible that they arc spastic muscle bundles or muscle 
fibers and that all these phcnomcn.! are more or less due to the same 
causes? We sec spastic colons in nervous, highly strung, tense indi- 
viduals. Often there is a history of worry, phobias of various kinds, and 
fatigue due to all work and no play. There is bowel dysfunction which 
may cause the local fatigue. In the acute muscle cramp, fati^e is oiten 
present, and it is very common tn the pregnant woman who is heav)' on 
her feel. Hunters sometimes get it at night after a hard 
in the woods. Imbalance due to flatfoot or clianging from high nee 
to low heels may cause it. Trcquently it is noted after long penous o 
stress and great fatigue. . . , . 

In the more chronic, localized sensitive nodes in the injurea ’ 
have the fatigue of dysfunction in the muscles, the worry and ne^ 
ness over the condition, the fatigue of holding the back more . 
rigid, and the lack of exercise; often the patient is a higny 


individual. , . . 

Usually the condition is ascribed to a toxic or infectious . 

designated as a myofascitis. It is mentioned as an indication . . 
flushing to rid the body of these toxic substances, but s.jj-j. 

there is real evidence which points to the possibility that this ^ . 

is due to fatigue poisoning or the dysfunction of the local m 
to a small muscle bundle due to local or general fatigue. 


Fatioue,— F atigue is tliouglit of in connection with tod 
“Dead tired’’ at night from a hard day’s work involving m 
cular activity is a Iicalthy condition, as a rule, but fatigue tnai 
from great tension as seen in the high-powered fussing 

tensed, nervous woman worn out by (he cries of the baby, 
of the older children, and (he housework, or fatigue due to P . ' 
comfort, holding one’s back rigid to get a little respite tvpe 

these continued over days and weeks can be a very unneai y 
of fatigue. . , pj. 

Individuals with fatigue of this kind can develop ^ ®P^f ^^p^ouad- 
backache. The colon can be palpated usually in the left im _we<l 
rant. The sensitive nodes herein described can likewise b V , 
in the case of backache. Cure the one by rest and change 
release the tension, and establish healthy exercise, and you ‘ 
cure the other. Perhaps colonic flushings help, but I have se 
cured without them by developing a health regime, correcting 
posture, relieving the causes for worry at home or at ^ 
plying heat and massage to the sensitive area in the back oi vu 
or low back. 

Eight years ago I developed a lame back and pain dow" 
sciatic nerve. I was treated wilh intermittent heat and massage 
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only temporary relief. Finally I had niy teeth x-rayed and took the 
films to Dr. Thomas Gilmer, positive that two of my teeth had better 
come out. Dr. Gilmer was on the same hospital staff and knew that I 
had been working very hard and under great tension. He asked relative 
to my last vacation and how much exercise and play I was getting. It 
had been a year since I had had a short vacation and I had almost for- 
gotten how to play or exercise. Instead of pulling the teeth he gave me 
a valuable talk on fatigue and fatigue poisoning from prolonged high- 
pressure work and suggested that a vacation would cure the back and 
leg trouble. The next week, accompanied by my wife, I started for 
Seattle. The first morning we left our sleeper for 1 5 minutes at Minne- 
apolis and walked up and down the platform. I felt very peppy and 
finally my wife asked concerning my backache. To my surprise both 
the backache and the tendency toward sciatica had disappeared and 
never returned except years later when I again became '‘tensed up” 
with overwork. This was not neurosis— it was simply relaxation and 
getting rid of chronic fatigue. 

Let an individual prone to these sensitive nodes sustain an injury 
ever so trivial and frequently he develops a chronic traumatic back; 
or let one suffer a sprained back and go for weeks with the back held 
rigid by a protective muscular tension or lie in bed without e.xercise or 
massage and he will develop these sensitive nodes. Thus they play a 
very important rdle both in diagnosis and in treatment. 

Diagnosis. — ^Vhen located in the back of the neck, they are felt 
just lateral to the cervical spines and are usually superficial, although 
deep palpation may be necessary to feel them. At times they occur in 
the supraspinatus muscle or over the scapula. They are often mis- 
taken for glands. They are sensitive to pressure, are usually accom- 
panied with a sense of soreness or slight stiffness in the neck, and often 
cause a low-grade occipital headache They usually soften and disap- 
pear under massage but may return again in a short time. A mild form 
is that found in tired business men who notice the tense, sore feeling 
m the neck after going to bed and who are frequently relieved when 
the wife rubs the back of the neck for a short period. 

\yhen these occur following injury or in cases of long illness, regular 


in the small of the back these sensitive nodes are most frequently 
felt in the gluteal regions just outside the sacro-iliac joints; in the 
erector spinae muscles, near their outer borders and opposite the fourth 
and fifth lumbar vertebrae or just lateral to the spinous process of the 
fir^ lumbar vertebra. Often a sensitive area is felt near the sciatic notch 
similar sensitive nodes are usually present in one or both legs. 
The commonest site in the leg is at the upper margin of the calf about 
one inch from the inner side and two inches below the head of the tibia 
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Physical Therapy in Back Injuries 

Symptoms. — The signs and symptoms caused by these nodes in 
addition to their sensitiveness are radiating pains, or more often a 
slight discomfort with rcstlcssnes.s. The patient moves his legs fre- 
quently, “can’t hold them still,” and at night when he is falling to 
sleep the leg will jerk spasmodically. 

Treatmcnt. — The treatment as already indicated is general and 
local. Remove the factors of tenseness, nervousness, and fati^e, and 
develop healthful exercises and relaxation. Improve elimination. Lo- 
cally the condition must be treated by heat, massage, and graduated 
exercises. Often diathermy Is found very beneficial, as it relieves the 
pain, causes a local congestion, and, when followed by massage, v?iU 
often cause very persistent sensitive nodes to disappear. In place o 
massage, the sinusoidal current or a strong vibrator may be used _ 
know many taut business men who, scuffering with this condition in 
the neck or shoulders, have their barber use a vibrator on ^he par • 
The use of a galvanic current with the needle inserted directly in o 
node has been advocated as well as acupuncture. 


Traumatic Neuroses 

Definition. — A pure neurosis is one in which all the signs and symp 
toms are based upon a functional condition in contradistinction o 
conditions with an organic background. I believe it is 
ways to rule out the influences which certain minor organic cona 
play in the neurosis. This Is certainly true in traumatic neuros . 

Etiology. — ^Traumatic neuroses may develop in spite of the 
the trauma was trivial or nil and that absolutely no riemon 
organic lesions resulted from the accident. This type of ^ 

often seen in patients who were on the edge of a terrible ^ci 
escaped without a scratch. In others the orgamc lesions, i-ngj 
an accident, have been cured, but a functional neurosis has P. 
during the period of disability and continues as the sole cause 
capacity. In this latter group the cause of the neurosis may . 
nature of the accident; the nature of the trauma; some siaiei 
made by the attending physician which exaggerates the impor 
the injury in the patient’s mind; statements made by the jam y> 
nurse, or often an interested lawyer, which exaggerate the impo 
of the injury in the patient’s mind; or the true compensaUon neurc 
where the desire for a good settlement causes the patient to owe , , 
his injury until its importance has become magnified in his own mi ■ 
Occasionally the desire for sympathy or the desire for revenge— 
example, when a patient wishes to prove some other physician mons 
—and similar mental impulses are behind the neurosis Finally, t 
IS the third group in whom the physician fails to find the evidence > 
organic injury and yet the patient continues to have disability. Awav- 
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in this group some remnant of the organic lesion is still present which 
forms the underlying basis of the neurosis. Elsewhere in this chapter 
I have referred to this type as the “misunderstood neurosis.” Diligent 
search on the part of the physician is necessary to reveal the under- 
lying organic condition. 

As the years go by I am positive that many of us are too prone to 
label our patient as a case of true neurosis when the real condition is a 
combination of some traumatic organic lesion with a superimposed 
neurosis. 


Classification. — In prescribing or practicing physical therapy in 
functional conditions, it is imperative to classify these cases in one of 
the following groups: 


Gaoup I: Traumatic Neurosis: No Organic Injuries; Purely 
A Functional Condition. — In these it is seldom wise to let the pa- 
tient feel that he has an injury which must be treated. If you dismiss 
such a case with the statement, “There is absolutely nothing wrong 
with you,” he will usually go away disgruntled. Often instead of help- 
ing him you have made his condition worse. 

In cases of alleged back injury in this group one usually finds 
that such patients have fallen into faulty postures due to alleged pain; 
or have become soft and flabby due to lack of work over a long period 
of months; or have simply fallen into faulty habits of holding the 
back stiff, walking with a limp, or exhibiting organic lesions which do 
not exist. 

As a rule it is wiser in this group to gain the patients’ confidence 
and then gradually to remove from (heir minds the fixed idea of organic 
injury — hy various types of explanatory talks pointing out that instead 
of being “scared to death” by an accident that might have been ex- 
tremely serious they were scared into a back disability. At this stage 
one can usually tell them frankly that absolutely no organic injury re- 
sulted from the accident, but that the injury was all mental and that the 
long-continued disuse of the back with gradually developing faulty pos- 
tures or stiffness is the sole cause of disability. During this period of 
gaining their confidence, physical therapy (which is only another name 
for common sense handling of the case) should be administered. It may 
be given by the physician or some member of the family, but as a rule 
it can best be administered by a trained technician under the direction 
of the physician Physical therapy should consist of a certain amount 
of massage and large amounts of retraining exercises. Reeducation 
of joint function is just as important in the numerous joints of the 
back as it is in the hysterical knee joint; therefore all exercises should 
be directed toward the reeducation of these joints, the obliteration of 
the stiff back, the correction of faulty posture and functional limos 
and the gradual hardening of the patient. ^ ' 

Success in curing Ihis type of neurosis depends upon gaining the 
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Symptoms. — The signs and symptoms caused by these nodes in 
addition to their sensitiveness arc radiating pains, or more often a 
slight discomfort with restlessness. The patient moves his le^ fre- 
quently, “can’t hold them still,” and at night when he is falling to 
sleep the leg will jerk spasmodically. 

Treatment. — The treatment as already indicated is general and 
local. Remove the factors of tenseness, nervousness, and fatigue, and 
develop healthful exercises and relaxation. Improve elimination. Lo- 
cally the condition must be treated by heat, massage, and paduated 
exercises. Often diathermy is found very beneficial, as it relieves the 
pain, causes a local congestion, and, when followed by massage, mil 
often cause very persistent sensitive nodes to disappear. In 
massage, the sinusoidal current or a strong vibrator may he ^ed. 
know many taut business men who, scuffering with this condition ^ 
the neck or shoulders, have their barber use a vibrator on P , ' 
The use of a galvanic current with the needle inserted directly into 
node has been advocated as well as acupuncture. 


Traumatic Neuroses 

Definition. — A pure neurosis is one in which all the signs 
toms are based upon a functional condition in contradistinction t 
conditions with an organic background. I believe it is 
ways to rule out the influences which certain minor organic conu 
play in the neurosis. This is certainly true in traumatic neurose . 

Etiology. — ^Traumatic neuroses may develop in spite of the 
the trauma was trivial or nil and that absolutely no . jg 

organic lesions resulted from the accident. This type of 
often seen in patients who were on the edge of a terrible i^cia 
escaped without a scratch. In others the organic ^^sions, the res 
an accident, have been cured, but a functional neurosis has 
during the period of disability and continues as the sole 
capacity. In this latter group the cause of the neurosis may 
nature of the accident; the nature of the trauma; some swein ^ 
made by the attending physician which exaggerates the impor 
the injury in the patient's mind; statements made by the 
nurse, or often an interested lawyer, which exaggerate the impo 
of the injury in the patient’s mind; or the true compensation neur 
where the desire for a good settlement causes the patient to dwe , , 
his injury until its importance has become magnified in his t J 

Occasionally the desire for sympathy or the desire for reveng 
example, ^yhen a patient wishes to prove some other physician ° 

and similar mental Impulses are behind the neurosis. Finallyi , 
IS the third group in whom the physician fails to find the evide'jw 
organic injury and yet the patient continues to have disability. 
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When the cases in this group are due to exaggerated statements by 
the relatives or by some interested lawyer, one must make sure that 
the desire for recovery is greater than the desire for compensation. If 
the former is the case, the patient should be handled as just described. 
However, if the desire for compensation, sympathy, or revenge is the 
underlying motive for the neurosis, any form of treatment may only 
enhance the functional condition. 

Cases of compensation neurosis are alleged by some to be very rare, 
while other writers place this as the commonest cause for neurosis. It is 
my opinion that these two views depend upon the number of compen- 
sation cases being handled by the various writers. An industry or in- 
surance company that adopts a liberal attitude toward compensation 
cases usually has fewer cases of compensation neurosis among the 
injured than does a company which has a hard-boiled attitude. 

Back cases which are purely compensation neuroses seldom yield to 
physical theiapy. An early settlement of the case usually results in a 
cure of the condition. 


Group IIli Traumatic Neurosis: Remnants of the Organic 
Lesion Remaining with a Superimposed Neurosis. — In this group, 
careful search, when applied to back cases, will usually reveal the trau- 
matic arthritis, the thickened ligaments, the contracted muscles, the 
thickened aponeuroses and adhesions, the sensitive nodes, and similar 
conditions which are the aftermath of the original injury. The neurosis 
must be treated by gaining the confidence of the patient as already 
detailed. 

Physical therapy in the form of heat, massage, exercise, manipula- 
tion (often under anesthesia), occupational therapy, and similar 
methods aimed at overcoming obscure but demonstrable organic lesions 
will usually cure this type of neurosis. These patients, usually misun- 
derstood and neglected, are the ones who respond most readily to, and 
who are most grateful for, treatment. 

The dictum that you ''can rub more trouble into a neurotic patient 
in an hour than you can rub out in a month*' is true in a certain num- 
ber of these functional neuroses Careful classification of the neuroses, 
however, will reveal a large number in whom physical therapy is def- 
initely indicated. The following case is an excellent example of a trau- 
matic neurosis in a back injury: 


Case 12.— J. A., a carpenter, aged 42. married and with three children, 
''orking in a small community in southern Illinois in 1923 fell from 
a building a distance of 28 ft., injuring his back. X-ray facilities were not 
available to \erify the diagnosis of “broken back,” which was made in this 
^e. He was treated m his home, lying prone in bed for approximately six 
^onths^^He was finally awarded a total disability by the compensation 


hnfrri ij u WU.1 u.sjuuiiy uy tne compensation 

S;' referred to the author 16 months later to see whether any- 

ining could be done to decrease his . r . 


,. -- ; ~ ...s per cent of disability. At the first exami- 

Ml.on the palient had a resigned, feelihg-sorry-for-himselt expression "n 
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patient’s confidence and refitting him for work. In some this can be 
accomplished in two weeks; in others it may take months. It is far 
better to persist in the treatment than to turn these patients loose as 
neurotics with continued disability. Frequently they will leave the 
physicians and drift into the hands of cultists who will cure them 
simply because they have more time and patience and a better under- 
standing of the psychology Involved. 


Group II: Traumatic Neurosis: Organic Lesions Cured but 
Disability Persisting Due to the Neurosis. — In back cases in this 
group when the neurosis is due to an exaggeration of the seriousness 
of the original trauma or the seriousness of the original accident, such 
patients should be handled as suggested under Group I. 

When the back neurosis is due to some erroneous idea or to an ex- 
aggeration of the seriousness of the injury, often the result of some un- 
guarded statement made by the attending physician, the idea must De 
wiped out before the neurosis can be overcome. 

If a physician tells the patient that he has a “broken back when 
the lesion is a simple linear fracture of a transverse process, a 
frequently develops which prolongs the disability for 
sometimes years after the simple linear fracture has Sealed. Sometime 
during the acute stage the patient will complain of his suffering 
the length of treatment; the physician, to justify his j..-’ 

times replies, “You are lucky to be alive,” or “It wll take ^ .„ 
to get you well and you will never be completely well,” or, lO 
be permanently disabled.” Unguarded statements such ® ug 
the basis of many traumatic neuroses and, of course, should alway 


Recently I saw a patient suffering from a traumatic neurosi 
was solely due to the fact that his family physician had 
at the request of the patient, stating that his patient had ms 
fractured and was therefore unfit for jury service. Subsequent 
failed to show the skull fracture. The patient had completely recov 
from his injury within three weeks and was ordered back to woi > 
this physician. Instead of going to work be developed jgj.. 

true neurosis. There were absolutely no organic findings, the .,*nnd 
lying cause of the neurosis was the patient’s inability to un e 
why his family physician had written that he had a skull fracture, 
later told him that he did not have a skull fracture and continue 
insist that he was able to go to work. of 

Physical therapy is indicated in this class of cases when stmne • 
the back joints, thickened ligaments, contracted muscles, 
aponeuroses, faulty postures, functional limps, and general soiw 
indicate the need of heat, massage, and exercise. The adminis ra , 
some simple form of physical therapy, thereby expressing the p > ^ 
dan’s interest in the case, combined with the physician’s superv» 

■will go far toward overcoming this type of neurosis. 



Fic i8— Case of F B, sh years after fracture of ist lumbar sertcbra, with ira- 
mediate paral>sis due to compression of the cord and transfirion of the cord by «nlinler 
01 bone transfixion Laminectomj performed tno hours after injury. Patient receKed 




Fio. 17a— Case of fractured ijth dorsal \trtrbra v>»lh is bemp 

danwRc to the coni and complicated by fracture of the npht 4,._ patient 

treated by skeletal traction. Ob*er>-c splints on each fool to preunt foot o p 
received massage, mu^clc-trainins ecereises and active ecerclsc tntougnoui 
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Fio 19b— Patient fccemn? physical therapy and muscle-training eTeruscs 



Fic IOC— Same as Fis 19b. Complete reconcy after two months Bullet not remoied 




70 


Physical Therapy in Back Injuries 



FiC. 193 — X-ray ol bullet wound of spine with hemorrhage about 
extreme hyperesthesu and paralysis of left leg- 


corf fol'™'"' 
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his face; he stood with his feet a little apart and his back flexed about 
lo®; on walking he took steps from lo to 12 in. long and progressed very 
slowly; movements of the back were slow and restricted, the patient bending 
forward only about 25* and not being able to straighten his back completely; 
he could raise his arms only slightly above a right angle to his body. Physical 
and x-ray examinations were negative for organic disease. There was no sign 
of a fractured vertebra. Functional tests showed variations in pain and ten- 
der points along the spinal column, with atypical areas of anesthesia. The 
observations were definitely those of a person with traumatic neurosis. 

The patient was admitted to St. Luke’s hospital and was assigned to a 
regular routine of treatment, consisting of periods of heat, massage, exercise, 
tub baths, and rest. In addition to this he was assigned to the occupational 
therapy workshop for two hours a day at first, but the time was increased 
daily. After about the fourth day it was noticed that the patient was spend- 
ing all his spare time in the workshop. He was asked to make a special splint 
for one fellow patient and to make the peg leg portion of a temporary arti- 
ficial leg for another patient. He was so handy with tools that he w'as soon 
acting as an assistant to the technician. 

At the end of two weeks the patient ivas walking with a normal stride, 
could bend over and touch the floor, could stand erect, and could raise 
his arms over his head It was carefully explained to the patient that 
he had never had a broken back but that his trouble was all due to 
nervousness which he had overcome during these two weeks in the hospital, 
and he was discharged. Unlike many persons with neuroses, he was ex- 
tremely happy over his recovery and immediately returned home and 
went to work. Although the surgeon and the physical therapist were of some 
aid in his recovery, the practical application of occupational therapy should 
receive the chief credit. 


Conclusions 

I have contributed this chapter as a surgeon confronted w’ith a great 
many back cases and especially old back injuries which have failed 
to respond to other treatment. 1 am not a physical therapist. When 
physical therapy is necessary, it is administered by qualified tech- 
nicians under the direction of my associate, Dr. J. S. Coulter, but I 
constantly supervise the case. 

I have found as the most valuable adjuncts lo the surgical treatment 
of these cases various kinds of heat, various types of hydrotherapy, 
and, above all, massage and exercise. The exercise should be gradu- 
ated from the simple contraction and relaxation of muscles while the 
patient is lying in bed to movements involving flexion and extension 
and lateral motion of the back; exercises involving lifting and carrying; 
the use of various kinds of apparatus, such as a rowing machine; and 
finally, to the exercises involved in gradually increasing amounts of 
work, referred to as occupational therapy. 

In this chapter I have not dwelt in great detail upon the methods 
advocated for administering the various forms of physical therapy. 
For details concerning the modus operandi of the various methods the 
reader is referred to the chapters on technic, Volume I, ’ 
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CHAPTER SEVENTEEN 


PHYSICAL THERAPY IN DEFORMITIES OF THE SPINE 
R. B. Dillehunt, M.D. 

Perhaps in no instance is the adage “an ounce of prevention is 
worth a pound of cure” more applicable than in potential or incipient 
deformities of the spine. In joints of the extremities, even when great 
deformity has been established, surgical and mechanical measures are 
available which enable the most spectacular alleviation or correction. 
But in severe deformities of the spinal structure which have once 
become confirmed and fixed, with all the associated somatic and 
visceral pathology, complete correction is practically never accom- 
plished and even improvement is often almost unattainable. The diffi- 
culty is due to the anatomic and physiologic complexity of the spinal 
bones, joints, and musculature, and to the relative inaccessibility of 
the spinal column and thorax to the application of corrective measures 
in the form of apparatus dependent upon pressure for their corrective 
influence. In other words, since one cannot “get hold of” the spine 
with hands or apparatus to the degree that obtains with reference to 
the knee or elbow, manipulative or corrective influences must be 
exerted less directly and therefore less effectively. When one experi- 
ences the difficulty encountered in correcting an ordinary clubfoot in 
a child, in which the foot and leg can be grasped powerfully in the 
hands and are seemingly under the command of the operator, it can 
readily be appreciated how relatively little direct force one can exert 
upon a spinal deformity w'hen one’s efforts are applied to the pelvis, 
thorax, and axillae. 

It is therefore of the greatest importance that frequent examination 
be made of growing children to delect potential deformity and that 
preventive measures be instituted early. So insidious is the develop- 
ment of spinal deformity, not only in children as a result of congenital, 
paralytic and postural causes, but in adults incidental to postural, 
mechanical, or arthritic influences, that the orthopedic surgeon seldom 
has opportunity to boast of having prevented deformity; but he is con- 
stantly confronted with the problem of attempted correction, which 
often results in no more than preventing it from progressing to a more 
severe degree. Since there are other, chapters which deal with the prin- 
ciples of the prevention of deformity, only the common types of de- 
lormity of the spine and the physical therapeutic measures designed 
lor their alleviation or cure will be discussed here. 
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Finally, I have treated in considerable detail the classification, eti- 
ology, and diagnosis of back injuries in order to illustrate and stress 
the importance ol a thorough understanding of the back condition 
before attempting any physical therapy measures. 
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Apart from actual operative surgical procedures, the entire treat- 
ment of spinal deformity is “physical therapeutic.” The exertion of 
influence by push or pull or manipulation or traction, whether from 
within by muscular effort or from without by manual or mechanical 
effort, is physical therapy; hence one cannot exclude those measures 
applied by the surgeon and intelligently discuss those commonly dele- 
gated to the trained physical therapist because they are reciprocal 
parts of the same rationale 

There are numerous deformities of the spine of congenital origin, 
such as spina bifida, synosteosis of vertebrae, cervical rib, variations 
in number and shape of spinal segments, and other embryologic aberra- 
tions which may or may not produce deformity but which in any 
event are not amenable to physical therapy and are hence not discussed. 
Moreover, diseases of the spine, such as tuberculosis, syphilis, and other 
granulomatous infections, as well as osteomyelitis, neoplasms, and 
trophic disorders, are not the subject of physical therapeutic ministra- 
tion except in so far as they may produce deformity and are accord- 
ingly dealt with in other sections. Similarly, traumatic lesions comprise 
a special subject. Hence this chapter deals with deformities of the spine 
which may be considered to have been theoretically preventable and 
are capable of improvement by mechanical means, whether of consti- 
tutional, static, paralytic, or arthritic origin. 

Anatomic and Physiologic Considerations 

Effective treatment of spinal deformity must be based upon a knowl- 
edge of the grosser and simpler principles of the structure and function 
of the spine. Although there are marked differences in structure and 
form between the spine of the infant, child, adolescent, and adult, these 
differences do not materially modify the principles of treatment except 
in so far as the progressive decrease in resiliency and flexibility with 
advancing years makes treatment less and less effective; therefore, foe 
the sake of brevity, variations with the age of the patient rsdll not be 
enumerated. 

In general the spine is considered as that part of the vertebral 
column above the sacrum. It comprises about one-third of the length 
of the body and is composed of 24 segments, the upper seven being 
designated as the cervical, the eighth to the nineteenth inclusive as the 
dorsal, and the lower five as the lumbar. The first cervical vertebra 
articulates with the base of the skull, and the last lumbar wth the 
sacrum, which is solidly fixed between the two iliac bones, forming 
With them the unyielding pelvic ring. The sacrum represents the base 
01 the spine, being wider and thicker than any other vertebral seg- 
ment, and the bony mass tapers gradually in anteroposterior, lateral 
and axial dimensions from the sacrum upward, so that the cervical 
vertebra is smaller in all diameters than the dorsal and the dorsal is 
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Apart from actual operative surgical procedures, tlie entire treat- 
ment of spinal deformity is “physical therapeutic.” The exertion of 
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There are numerous deformities of the spine of congenital origin, 
such as spina bifida, synosteosis of vertebrae, cervical rib, variations 
in number and shape of spinal segments, and other cmbryologic aberra- 
tions which may or may not produce deformity but which in any 


J 

trophic disorders, are not the subject of physical therapeutic ministra- 
tion except in so far as they may produce deformity and arc accord- 
ingly dealt with in other sections. Similarly, traumatic lesions comprise 
a special subject. Hence this chapter deals with deformities of the spine 
which may be considered to have been theoretically preventable and 
are capable of improvement by mechanical means, whether of consti- 
tutional, static, paralytic, or arthritic origin. 

Anatomic and Physiologic CoNsinmATioNs 

Effective treatment of spinal deformity must be based upon a knowl- 
edge of the grosser and simpler principles of the structure and function 
of the spine. Although there are marked differences In structure and 
form between the spine of the infant, child, adolcsarnl, and adult, these 
differences do not materially modify the principles of treatment except 
in so far as the progressive decrease in resiliency and flexibility with 
advancing years makes treatment less and Jess effective; therefore, for 
the sake of brevity, variations with the age of the patient will not be 
enumerated. 

In general the spine is considered as that part of the vertebral 
column above the sacrum. It comprises about one-third of the length 
of the body and is composed of 24 segments, the upper seven being 
designated as the cervical, the eighth to the nineteenth inclusive as the 
dorsal, and the lower five as the lumbar. The first cervical vertebra 
articulates with the base of the skull, and the last lumbar vith the 
sacrum, which is solidly fixed between the two iliac bones, forming 
^th them the unjielding pelvic ring. The sacrum represents the ba»e 
of the spine, being wider and thicker than any other vertebral seg- 
H’.ent, the bony mass tapers gradually in anteroposterior, lateral 
^ axial dimensions from the sacrum upward, so that the cervical 
vertebra is smaller in all diameters than the dorsal and the tJorsa] /? 
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smaller and less massive than the lumbar; hence the column is pyram- 
idal, with its base below (Fig. i). 

Each segment or vertebra is in the form of an irregular osseous ring 
with a circular body flat above and below, forming an anterior portion, 
and a posterior portion known as the arch, made up of the laminae, 
spinous, transverse, and articular processes. The anterior and posterior 
portions are joined on each side by the short pedicle to form the ring 
(Figs. 2 and 3). Thus the spinal column is formed of a series of super- 
imposed rings, each articulating with the one above, both in its an- 
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Fro 3— A thoracic vertebra, adc view. (Morris) 
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terior and posterior portions. The bodies of the vertebrae are separated 
from each other by an intervening cushion of fibrous elastic tissue, 
the intervertebral disc, which fills the entire intervening space and is 
attached firmly to the vertebral body. The disc projects a little beyond 
the rim of the vertebral body. The periphery of the disc is firm and 
fibrous, while in its center is a soft and- movable fibrous mass, the 
nucleus pulposus, occupying little less than one-half the total area of 
the disc (Fig. 4). The discs vary in shape and thickness in different 
regions of the soine. In the cervical region they are thicker in front 
than behind, thus necessitating the normal anterior convexity of the 
cervical spine Similarly in the lumbar region they are a little thicker 



Pic 4 — Median sagittal section ot two lumbar s’crtebrae and Ibeit Ivzaments (Gray) 


anteriorly, causing anterior convexity, and their general thickness 
here is greater than their cervical or dorsal thickness. In the dorsal 
region they are more nearly symmetrical, and the back\vard curve of 
the dorsal spine is due more to the shape of the vertebral bodies and 
to the necessity of its conformation in connecting a curve above and 
below. The discs comprise 25 per cent of the total length of the spine, 
hence in the aged in whom they become narrowed the spine is short- 
ened and bent forward throughout. 

The posterior portion of each vertebra articulates on each side uith 
the one above by the articular processes, producing joints which, in the 
cervical region, are flat and slope backward and downward at an angle 
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smaller and less massive than the lumbar ; hence the column is pycam- 

''tS'^gm^t'or v^teSs iUc form of an irreguiar osseous dag 
svirh a circular body flat above and below, 
and a posterior portion knm™ as the 

spinous, transverse, and articular processes. The anterior a d jmsi 
portions arc joined on each side by the W 

(Figs. 2 and 3). Thus the spinal column ts formed of a senes 0 f 
imposed rings, each articulating with the one above, 
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importance in disordered states. For detailed study of the musculature 
of the spine, thorax, and abdomen, all of which must be regarded as 
controlling the spinal movements and stability, the reader should refer 
to standard works on anatomy. For the purpose of this discussion 



Fic 5— Normal physiologic cunes Skeletal support of thorax and shoulder girdle 
o* Wneral muscular control, of the spine. (After 
rotiior ^ trans%erse group; 
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of 50°, in the dorsal region arc more vertical and in the coronal plane, 
and in the lumbar region arc nearly vertical and in the sagittal plane, 
with the e.xception of the lumbosacral articulations, which are more in 
the frontal plane, thus permitting greater flexibility in the anteropos- 
terior movements. Thus each vertebra articulates with the one above at 
three joints, forming with each other a triangle. It is difficult to see 
how there could normally be much movement between two adjacent 
vertebrae or even much movement in the entire spinal column, particu- 
larly in light of the fact that all three articulations are firmly sur- 


rounded by dense ligaments. 

The articulation of those sepnents results in an osseohgamentous 
column, pyramidal in shape, containing in the canal produced oy tee 
foramina of the vertebrae the spinal cord and thus serving as an or^n 
of protection. Its other functions are maintaining the vertical position 
of the human body, sustaining the superimposed weight and suppor 
of the thorax, providing for flexibility and resilience, supporting an 
protecting the thoracic and abdominal viscera, and being the source 0 
origin for a vast system of complex musculature. . , 

To provide flexibility, resilience, and stability there arc in 
anteroposterior direction three curves, the cervical (convex 
the dorsal (convex posteriorly), and the lumbar (convex anteno y;* 
‘ See Figure 1. These curves are known as the physiologic 
their relationships to each other are of the greatest , ‘f .u 

summit of the convexity of the cervical curve is at the level 
fifth cervical vertebra; that of. the dorsal curve, at the 
of the lumbar curve, at the fourth. In the transverse 
is normally no curve except a slight deviation conyexly to tn & 
extending from the middorsal to the midlumbar region and sai 


associated with the disposition of the vascular structures. -nina) 
Support of the thorax is afforded by articulations with the sp 
column of the 32 ribs on each side (Fig. 5). From the jj-g 

tenth ribs the head of the rib articulates with both 
vertebra and the one below by a double joint, while the first ^*7 . , j 
articulates only wth the body of the first dorsal vertebra, and toe ^ 
two ribs, with the eleventh and twelfth vertebrae, respectively.^ 
over, the first to the tenth ribs have an additional articulation iwjj 
corresponding vertebra through their tubercles and the trans 
vertebral process In this manner the thoracic cage is suspend^ 
supported from the vertebral column and its shape is according y 
fied by changes in the relations of the spinal support. 


^ Musculature of the Spine.— Like all other joints or 
joints, the maintenance of stability, strength, and form is d P 
not alone upon articular or immediate periarticular struemres, 
great measure upon those extrinsic elements which normally ane^ 
movement of the joint, namely, the muscles; and in the 
are massive and complex in their normal states and of inestinw 
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viz., the sternocleidomastoid considered singly, the broad, strong, ex- 
ternal oblique muscle of the abdomen extending from the eighth rib 
downward, forward, and mesially to be inserted into the sheath of the 
rectus abdominis, Poupart’s ligament, and the iliac crest. The internal 
oblique muscle of the abdomen is similar in arrangement except for 
obliquity in the opposite direction, arising from the iliac crest and 
lumbar fasda to be inserted into the ribs, sternum, and rectus sheath. 

Transverse . — ^The transverse group (Fig. 6c) is concerned chiefly 
with minor movements as far as the spine is concerned but effects con- 
certed action of the upper extremity and thorax with the spine. The 
pectoralis major and minor, serratus magnus, latissimus dorsi, and 
trapezius effect movements of the shoulder girdle about the thorax and 
hence of the spine. Similarly the quadratus lumborum and transverse 
abdominal muscles effect movement between the thorax and the pelvis. 

It is important to consider the continuity of muscular action by these 
groups from skull to pelvis and even the lower extremities. It \vill be 
seen that the movements of the spine are determined and partly lim- 
ited thereby and that deformity will ensue upon the release of control 
by any one group, as in paralysis, or upon the abnormal accentuation 
of the force e.xerted by any one or more groups, as in muscle spasm 
incidental to inflammatory process or spastic paralysis. The equilibrium 
of the spinal mechanism at rest or in movement must be secured largely 
by the reciprocal action of all muscle elements. 

Movements of the Spine. — The voluntary movements of the spine 
are of course controlled by these longitudinal and transverse muscle 
pulls within the limits of range permitted by bone and joint elements. 
The joints permit some movement between all vertebral segments, 
although they are variable in different portions of the spine, and the 
tripodal articulation definitely limits the range of movement enjoyed 
at each intervertebral joint The intervertebral discs are compressible 
and on movement adapt themselves in shape, the nucleus pulposus 
slipping forward, backward, or to either side. The articulations of the 
arch permit gliding movements only, and so the net result is that each 
intervertebral joint can bend forward, backward, and laterally, and 
can rotate. In a system of superimposed joints of this sort the maximum 
mobility of the spine would be the summation of movements permitted 
oy these articulations if the spine were a straight rod, which it is not, 
and if it were not for other factors of limitation, such as the function 
of supporting the thoracic cage. Thus the degree of movement and its 
nature are modified by the relatively fixed nature of the physiologic 
curves. In the cervical region, flc.xion, extension, lateral flexion, and 
rotation are all free in range. In the dorsal region extension is prac- 
absent and flexion is limited, while lateral motion is consider- 
ate. In (he lumbar region lateral rotary movement is markedly re- 
stricted, but flexion is freer and extension is freest. 

Afore important than the e.xact ranges of movement at different levels 
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consideration can be given only to the general gross arrangement of 
those groups which, acting harmoniously, prevent deformity and main- 
tain stability, and the disturbance of any one of which may produce 
deformity. 

The spine must be regarded as the core of a cylinder of muscles 
which form the trunk, the core being situated posteriorly in the mass. 
The direction of muscular pull around the core is such that when all 
muscles arc of normal integrity and hence balanced, they act as the 
physiologic splint of the spine and in every movement of any nature 
every portion of the splint participates. 

Muscle Groups. — T here are in general four muscle groups: (i) 
the extensor group, (2) the flexor group, (3) the rotator group, an 
(4) the transverse group. . ^ . 

Extensor . — The extensor group (Fig. 6b) is posterior to the y > 
extending as a great mass from the pelvis and sacro-iliac ligam 
upward on both sides to the base of the skull, with rclaj^ ot 0 g 
and insertions. In addition to directly parallel longitudinal m . 
portions at various levels curve laterally to insert into every no 
into the base of the occipital bone. More deeply the mterruptiow 
segmental so that the ribs arc connected to the transverse . . 
the vertebrae above, and to each other by intercostal muscles, 
transverse processes are Joined by little muscle plates. This great 
imbeds the spine deeply except for the spinous processes, all 01 
can be felt subcutaneously between the two muscle columns. . 

Flexor . — The flexor group is anterior to the spine and co P . , 
two separate portions, viz., those intimately connected 
column and fliose of the anterior portion of the trunk, j 
(Fig. ed) consists of an upper portion or cervical group ana ^ 
lumbofemoral group between which in the dorsal ^he c 
is deficient. The upper group arises from the bodies of the 
sixth cervical vertebrae and, ascending in relays, is inserted 1 
bodies and transverse processes of superjacent vertebrae ana 
occipital bone. The lower group, the psoas mass, 
bodies, intervertebral discs, and transverse processes of the 
dorsal to the fourth lumbar vertebrae inclusively *0 be 

which tapers downward over the brim of the pelvis laterally 
inserted near the lesser trochanter of the femur. , , 

The anterior trunk group (Fig. 6a) is likewise interrupted in - 
cular continuity, but by the unyielding sternum, which subteno 
defect. Above, the sternocleidomastoid muscles arise from^ ster- 
process of the temporal bone and descend to be inserted into the 
num and clavicle. Below, the rectus abdominis extends from tne 
racic rim in front to the pelvic brim below. The anterior 
intercostal muscles may also be regarded as participating in this ^ 

Rotator . — The rotator group (Fig. 6e) is composed of ^^,5 
oblique arrangement with reference to head, neck, trunk, and pe‘ ' 
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is the result oi combinations oi these in the spine as a whole, for to the 
latter must treatment be accorded to affect any deformity. Much of the 
seeming range of motion is really due to freedom of movement at the 
occipito-atloid juncture and at the hips, hence the latter must be 
eliminated by fixing the pelvis to attain an accurate estimate. Lovett - 
and others have emphasized the fact that in a flexible structure pos- 
sessing fixed anteroposterior curves, lateral bending is necessarily ac- 
companied by rotation; hence there can be no pure lateral movement 
of the spine without twist, although at different levels the relative 
proportions of lateral motion to twist in this compound movement 
vary. Moreover, the ratio is varied by concomitant flexion or extension 
of the spine as a whole. For details of these elements the reader should 
be referred to Lovett’s monograph, “Lateral Curvature of the Spine.” - 



Fics 10 and ii — Lateral lleiion of the normal spine. 

In general, forward flexion is a pure mo%'ement enabling the con- 
version of the spine into a curve of approximately one-fourth' of a 
circle (Figs. 7 and 8). The physiologic lumbar curve is obliterated, the 
dorsal is increased, and the cervical is decreased. 

Extension is also pure, i.e., free from rotation, and enjoyed to the 
degree shown in Figure 9. The movement is chiefly at the lower lumbar 
segments, although the physiologic dorsal curve is somewhat decreased. 

Lateral flexion (and rotation) in the erect position resolves itself 
into a movement chiefly of the dorsolumbar region (Figs. 10 and 11) 
and, according to Lovett," is accompanied by rotation of the vertebral 
bodies toward the concave side of the lateral curve. If, however, lateral 
flexion is carried out with the whole spine forward-flexed, a greater 
segment of the spine participates in the lateral curve and the vertebral 
bodies rotate toward the convex side thereof. 






Structural Curvature *v"iume ii] 

below, and by retentive apparatus in those cases exhibiting tendency 
to imbalance. 


Structural Curvature. — Structural scoliosis, on the other hand, is 
marked by the presence of deformity which a normal spine cannot as- 
sume, and by definite changes in the form and relation of the bony 



Fic 12 — Functional scoliosis compensatory to short ncht lower ertrermty. 

Fig 13 — Obliteration of deformity of spine by raisins rijtht lower extremity. 
Fic 14 — Absence of rotary deformity (structural) in forward flexion 


elements of the spine. These bone changes may be primary with ref- 
erence to the scoliosis, as in congenital malformation of bone, such as 
“wedge vertebrae” and other developmental anomalies of segments or 
articulations, or in changes in the shape of these elements due to 
rickets, neoplasm, granulomatous disease, or trauma. 
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Lateral flexion and rotation bdng indissolubly associated and re- 
ciprocal, the cfTort to eliminate one mechanically tends to restrict the 
other in the normal state, while the converse is true in certain de- 
formities. 

To summarize, the anteroposterior normal curves, together with the 
segmented osseoligamentous structure, assure a flc.xible mechanism of 
stability and equilibrium capable of generous mobility as a whole and 
requiring very little external support to maintain symmetry. The spine 
is, however, provided W’ith abundant muscular support, which, if bal- 
anced, augments these factors and which, if unbalanced, inflicts de- 
formity. Manifestly the plasticity of the structure has much to do mth 
its vulnerability to deformity from external influences. Thus in the 
mature spine marked degrees of muscular imbalance may be enecmeiy 
resisted while in the immature spine minor degrees of imbalance may 
. gradually produce extreme deformity. Moreover, intrinsic 
extrinsic influences other than muscular imbalance may be ^ ' 
ments originating deformity, but once instigated, imbalance e 
and augments deformity. 


General Scoliosis (Lateral Curvature of the Spine) 

Functional Curvature, — Lateral curvature of the spine ^ 
functional, i.e., unaccompanied by permanent anatomic coaDge 
bones. Such deformity may e.xist as a normal compensatory 
to a short lower extremity from any cause (Figs. 

There is a singular lack of tendency for such a spine -n. 

tural deformity. Moreover, in hysterical curvature, 
parent deformity is obtrusive, there is no structural change. . 
such forms are not the subject of physical therapeutic 
However, another form of lateral curvature primarily apK 
functional not uncommonly becomes habitual and may 
ually into structural changes. This form aU^vs a 

cause, usually between the ages of 6 and 12, and the 

deviation to the left. The curve is general, i.e., extends throug 
length of the spine, the maximum deviation being at the le „ 
ninth or tenth dorsal vertebra. Such a deformity “ 
curvature and is usually so gentle that the maximum °Jp^rees of 
exceed, as a rule, two inches from the median line. Shgnt 
this type may be overlooked. There are no supplementary or w ij 
satory curves and torsion has not occurred, but there is eieva 
the left shoulder which is also displaced forward, while ^ 

displaced backward and the whole trunk is shifted J fold be- 

indicated by the plumb line dropped vertically through me 
tween the buttocks (Figs. 15, 16, and 17). , ^ years 

It IS therefore essential that balance be maintained Lcom- 

of growth to avert conversion to the structural type. This 
pushed by general calisthenics for the spinal musculature, oe 
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Static factors plus muscular imbalance incidental to the muscu 
of one side operating to a mechanical disadvantage against tl 
the other tend not only to perpetuate but to increase the deform 
just the same manner as these influences operate upon an ankle 
Now when one of these influences is exerted wth sufficient persii 
in point of intensity and time, particularly upon the growing sp 
curve to the right or left is created and such curve is greater thi 
normal physiologic movement which the spine could assume ir 
direction. The convexity of the curve will be opposite the si 
which contractural causes operate and usually on the opposite s 
the paralysis in unilateral poliomyelitic scoliosis. 

As has been pointed out, the spine cannot be bent laterally a 
given point beyond a certain limit wthout introducing the eh 
of rotation or twist, and when such lateral curve is toward the 
the direction oi the rotation of the segments is toward the tigl 
other words, the vertebral bodies rotate toward the convexity < 
curve. This torsion occurs, not only between the vertebral segr 
but actually in their bodies. \\^en the curvature is in the dorsal i 
the ribs on the convex side are curved backward with the rotatin; 
tebrae, creating the “rotation hump” or gibbus. As the curve de\ 
and the rotation occurs, there is crystallization of the stress of s 
imposed weight upon the portions of the vertebral bodies on the 
cave side, and in response to Wolff’s law, they become wedge-sl 
(the base laterally) and otherwise distorted. Torsion is not coi 
to the immediate vicinity of the lateral curve but goes on above 
that there develops a twist of the shoulders in relation to the pelv 

The ribs on the concave side are carried forward, accentuatin 
hollow in the back on that side, and the thorax thus becomes defo 
Attempted adaptive and compensatory adjustments resolve th 
formity into one that must be regarded as no longer of the spine ; 
but of the entire body. The patient in an involuntary effort to cor 
sate for such a disturbance of mechanics shifts weight to the extri 
on the side of the convexity and general disalignment of trunt 
extremities ensues. 

Untreated, structural scoliotic deformity does one of two tt 
either it becomes spontaneously arrested at a certain point am 
patient goes through life without serious disability, or it progi 
gradually to a degree that terminates life at a comparatively earl^ 
In the latter, deformation of the thorax distorts and compresse 
respiratory and circulatory viscera, impairing the functions of 
and resulting in impaired aeration and circulation, lowered resist 
emaciation, and susceptibility to secondary infection. The thora) 
lapses into the pelvis until tbe ribs impinge upon the ilium, infli 
similar embarrassment upon the abdominal viscera. Such indivi 
seldom reach advanced years, being carried off by pneumonia or 
terminal disea.se 




lorura, may create imbalance to the degree of structural „ic 

tracture of one side incidental to cicatrization of pleurisy or empy 
process or traumatic lesion of chest cavity, wall, or even ski 
result in structural scoliosis. . hlishcd, 

No matter what the origin, once structural change is es a 
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2. Acquired scoliosis: 

A. Anatomic asymmetry outside the spine 

1. Torticollis 

2. Asymmetry of the pelvis 

3 Unequal length of lower extremities 
4. Ocular asymmetry 

B. Disease of bones or joints of the spine 

1. Rickets 

2. Tuberculosis of the spine 

3. Arthritis of the spine 

4. Osteomyelitis of the spine 

5. Tumors 

6. Fracture or dislocation 



Fits ji and a?— ScoJfosis duf to mkets 

Fig *3— Scoliosis due 10 chondrodtstrophy (k3pboscoIiosis). 
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Etiology, — Inasmuch as the wisdom of attempting treatment at all 
and llie prospect of any success depend to a considerable degree upon 
the extent and degree of fixation of the deformity and the causative 
agency, one considering treatment should recall the many etiologic 
factors in this deformity. These may be summarized as follows: 

I. Congenital scoliosis: 

A. Developmental anomalies of the vertebrae 

1. Wedge-shaped vertebra (one or more) 

2. Absence of one side of vertebra (one or more) 

3. Fusion of two or more vertebrae on one side 

B. Embryologic malformation of the thorax 

C. Deformity in uicro from pressure 


I 1 



Fics 18 and 10 — Conpenkal scolio^ due to wedge-shaped «rtebrae. 
Fio 20— Acquired scoliosfa secondaiy to left torticollis. 
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Treatment voinme nJ 

It is evident in regarding the list of causes that many will not yield 
to physical therapeutic measures and that surgical or other orthopedic 
procedures directed toward the underlying pathology are indicated. 
Illustrations of scoliosis from different causes are shown in Figures 
i8 to 27, inclusive. (Figs. 18 and 19 show the congenital. Figs. 20-27 
show the acquired.) 



Fic 27— Scoliosis due to contracture of right thotacic ca\ity following old emp>em3 

Treatment. — Prophylactic. — ^Prevention, as in all other deformi- 
ties, is of the greatest importance. Routine examination of school 
children will aid in the early recognition of beginning deformity or 
prescoliotic evidences. Congenital scoliosis can thus be recorded, 
watched, and controlled. Prescoliotic indications, such as the inclina- 
tion to assume asymmetrical attitudes in standing or sitting, or “pos- 
tural slouches,” ocular deviations, and rachitic round back, accompa- 
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7. Osteochondritis 

8. Dyschondroplasia and chondrodystrophy 

C. Deformity due to disturbance of muscle balance 

1. Infantile paralysis 

2. Spastic paralysis 

3. Dystonia musculorum 

4. Inflammatory or traumatic muscle spasm, lumbago, sci- 
atica, sacro-iliac disease, hip joint disease 

5. General muscular atony from any cause 

6. Muscular dystrophy 

7. Encephalitis Icthargica 

D. Contracture of extrinsic soft structures 

1. Unilateral pulmonary disease 

2. Thoracic empyema 

3. Cicatrization of the skin from burns or other trauma 



Fic J4 —Scoliosis due to inlantne paialysb which has affected musculature of sP 
abdomen, and nght lower extremity 

Fic. is — ScohosU due to dystonia musculorum. 

Fic. i6j— S coliosis due to postencephalitic Parkinsonism. 


Treatment 


Chapter 171 ol 
Volume IlJ 

curve I have referred to the associated torsion that occurs and to the 
tendency for imbalance to occur in the entire body For instance, when 
there is a dorsal curve to the right, in order to retain the center of 
gravity the body weight Is shifted more to the right lower extremity 
than to the left. This is an early effort of the body to compensate 
mechanically. Later there develops a curve above and below the pri- 
mary one in a further effort to establish the center of balance. These 
curves are known as secondary curves and are in a direction opposite 
to the primary curve. In this automatic adaptation the body may suc- 
ceed or fail. In those cases that become stationary or nonprogressive, 
the secondary curves and the primary one have become reciprocally 
compensated, and although there are three curves in the spine, the net 





an/npf Example of compensated scolioas Although there are structural chance 
Fig jg— Same as Fi^ aS, flewd, disclosing torsion deformity 
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nied by other evidences of rickets, can be met in advance of real 
deformity, and by supervision, exercises, and sometimes apparatus, 
can be controlled during the growing period. Scoliosis can thus be 
averted. 

Of particular importance is a careful study of the spines of children 
who have had infantile paralysis. Extreme degrees of paralysis may 
result in little deformity owing cither to retention of balance despite 
loss of power, or to maturity of osseoligamentous structure. On the 
other hand, seemingly minor degrees of unilateral .spinal or abdominal 
paralysis may result in extreme degrees of deformity and often follow- 
ing a latent period of years. Moreover, many children have mild at- 
tacks of poliomyelitis without Us having been recognized, but months 
or years later the scoliotic deformity Is observed. Once launched upon 
the tendency, progression of the deformity is likely to go on apace, 
and often in spite of intensive opposition in the form of treatment. 


Indications and Contraindications. — ^The principles^ of treat- 
ment in the paralytic type are applicable to all forms in which 
lying pathologic causes, such as tuberculous spine, 
not contraindicate movement, and hence movement is selected as tn 
basis" for outlining the routine. , . . .r 

The question should be asked first, “Can anything be expected 
treatment?” The answer is to be sought in the degree of fixation oi i 
deformity and in the determination of whether it is definitive and s • 
tionary. In the inveterate contracture in the adult there is 
of correcting the deformity. In the stationary scoliosis J ^ 
arrived at a state of compensation and is not progressing in J 
adult or child, it had best be let alone as far as efforts to tea 
deformity are concerned. 


Purpose of Treatment.— The second question to be asked ^ 
“What are we trying to do?” If the answer to the latter is tne a 
to unbend and untwist a structural lateral curve and to^ 
normal anatomic relation of distorted vertebrae, the ..y 

that of anyone who has had experience in the subject. The mu . 
of methods and machines directed to this end testifies to tfie impr 
bility of such accomplishment. u t rt that 

Arrest of Z)e/ormiVy.— Attention has been called to the lac 
structural scoliosis untreated either progresses to a hopeless aegic _ 
assumes a definitive state. The ideal of treatment in our nh 

standing of the subject is to secure the definitive arrested 
the maximum of correction by the application of those measures n 
convert the progressing deformity into the status of the one ‘ j 
become spontaneously arrested. This leads to the question, ' 
occurs spontaneously to arrest deformity in this type?” K ‘S S'" ' , 
accepted at present that this is accomplished by the da™°P™'f:.,ic 
compensatory balance. During the development of a primary scouv 
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Fig 30 — Prescoliotic attitude Lateral curve without structural chanpc Potentiallj* 
inclined to become procrcssi\e and develop structural chanpe. 

Fic 31 — Lateral view of Fic 30, indicatin;; tendency to slouch. 
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result is realignment of the whole so that imbalance has been cot* 
reeled. In such a case the plumb line will fall through the median line 
of the cervical vertebrae and through the internatal fold, although the 
spinous processes will deviate from the line in three areas (Figs, iS 
and 29). Now to disturb this mechanism by attempted correction'of 
deformity is to court the danger of breaking the compensation and 
making the 'patient worse. Such a spine has already attained the near- 
est ideal toward which treatment strives, namely, the establishment of 
compensation. Every scoliotic spine makes the effort to do this auto- 
matically, but many fail. Treatment is directed toward helping in that 
direction. 

To this subject most salutary contribution has been made by Stein- 
dler,^ and his conceptions are utilized as the basis of the treatment 
given herein. 

RchabUitalion of Muscles . — In the potential scoliotic patient before 
structural change has occurred (Figs. 15, 16, 17, 30, and ji), viz., the 
type of child that assumes asymmetrical altitudes in walking, standing, 
or sitting, and in the patient whose general musculature has been sub- 
jected fo deterioration by prolong^ illness or recumbency for any 
reason, the object of treatment is the rehabilitation of the normal 
splints of the spine — the muscles. Supervised exercises desired to 
bring into play all the intrinsic and e.xtrinsic musculature encctmg 
spinal integrity are instituted It is to be assumed that general 
examination has determined whether such a regime is compatipfe as 
indicated by the cardiovascular, respiratory, and general conditions 
Exercises must be graded carefully, according to the requirements an 
the capacity of the child. In no instance should either child 
be subjected to exercise to the degree of fatigue or weariness. Thus n 
may be advisable to subject each muscle group to no more than one 0 
two contractions in the beginning, until each can be accomphsbeo wtn 
ease and grace. It is important that the therapist be cognizant oi ine 
fact that no amount of passive ministration to a muscle in the form 
massage can be substituted for voluntary contraction in restoring tone 
and strength; and passive ministration in these cases should be hmi e 
merely to the touch to indicate to the patient the direction of J 
effort. However, when the latter is insufficient to accomplish a given 
movement, it should be performed with the passive aid of the » 
until the therapist's assistance is no longer needed. The . 

conducting exercises with passive aid is described below under, 
cises B. 

The exercises designed to strengthen all spinal musculature, m i 
cated below under Exercises A, are properly used as supplemema^ 
to other more specifically directed treatment in cases of estabJisn 
scoliosis. 

Such exercises may be given in classes, but only after each memb^ 
understands the procedure and has developed a fair degree of musuc 
capacity through preliminary individual work. 
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Structural Scoliosis of Paralytic Origin 

Diagnosis. — It is assumed that a structural curve has developed. 
The first procedure is the securing of proper records. These include, 
in addition to the general physical and orthopedic e.^amination, photo- 
graphic and radiographic records made under standard technic. Posing 
for the photograph is ideally done under the direction of either surgeon 
or physical therapist. The spinous processes are marked with black 
court-plaster and a plumb line of black is dropped vertically through 
the internatal fold to determine the median line. The patient stands 
in natural relaxation with heels parallel to the lens of the camera. 
Light, distance, and exposure must be invariable if photographic 
records are to be of value for comparison. This view discloses the 
location and degree of deviation of spinous processes from the median 



Fic 34— Scoliosis lumbodorsal, structural, left, infantile paralytic, se\en. 

35— ScolioMS cer\icodors3l, structural, ns^ht, moderately sc\erc 
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In the patient whose muscular structure cannot maintain symmetry 
and balance, the treatment should be supplemented by a light back 
brace and an abdominal support or a corset (Figs. 32 and 33). In the 
event that the examination and the experience of the therapist disclose 
that the musculature of one or more groups is weaker comparatively 
than that of others, particular attention should be given to that group, 
and in such cases external support is particularly indicated. 



Fig. 3*. Type of brace for support of prescoHoUc patient between The 

worn most of the time when up and about until musculature aPP^/^/P^^nostenorly 
brace must be light, hence it should be made of aluminum and adjustable p« 
and laterally 


Fic. 33 Another type light but effective brace. 
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line and the shift of the trunk to one side or the other. The second 
exposure, which is made from behind with the spine flexed, records 
the degree of torsion as indicated by the gibbus which is on the convex 
side of the curve in structural cases and in the same area as the 
primary curve. If it is on the opposite side, the case must be regarded 
as functional scoliosis (Fig. 14). 

The degree of rotation of the trunk is estimated by looking down- 
ward from above, behind the patient, and determining the relation of 
the scapulae or shoulder girdle to the pelvis. 

Radiographic study is made of the whole length of the spine antero- 
posteriorly, not only to determine the degree of primary and secondary 
curves, but to note the extent of deformity in the vertebrae and ribs. 



N" list. «.al balanct main- 
■‘"'a' tahibUins dtjrea of rolary 
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ing it. Determination at this point must be made as to whether the case 
at hand is in a state of compensation. If so, the future treatment 
should be directed toward keeping it so; if not, it should be designed 
to make it so. 

By compensation is meant the state in which the primary and sec- 
ondary curves and torsions counteract each other to the degree that 
the central axial line remains vertical and central, thus maintaining 
balance (Figs. 39 and 40). 

By decompensation is meant the absence or insufficiency of com- 
pensatory secondary curves, permitting shifting of the whole super- 
imposed trunk to one side with the pelvic center in one axis and the 
cranial center in another, creating leverage which adds the effect of 
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Observation should also be made in the prone position, for therein 
the functional curve disappears and the structural curve is modified 
by relief from superimposed weight. 

Descriptive record is thus made as the diagnosis. Scoliosis is de- 
scribed as to the location of the primary curve, the degree thereof 
(whether it is structural or functional), and its etiology. For instance: 

Scoliosis: lumbodorsal, structural, left, infantile paralytic, severe 
(Fig. 34); or scoliosis: cervicodorsal, structural, right, infantile para- 
lytic, moderately severe (Fig. 35). 

The flexibility should be recorded because of its important r®l2.tion 
to treatment. It may be visuali2ed by suspension of the trunk by the 
head (Figs. 37 and 38). The more rigid the spinal curve, the more 
resistant it is to continued increase in itself and to efforts at decreas- 




Diagnosis ‘n’l 29 

ing it. Determination at this point must be made as to whether the case 
at hand is in a state of compensation. If so, the future treatment 
should be directed toward keeping it so; if not, it should be designed 
to make it so. 

By compensation is meant the state in which the primary and sec* 
ondarj’ cur\'es and torsions counteract each other to the degree that 
the central axial line remains vertical and central, thus maintaining 
balance (Figs. 39 and 40). 

By decompensation is meant the absence or insufficiency of com- 
pensatory secondary cur%’es, permitting shifting of the whole super- 
imposed trunk to one side with the peUnc center in one axis and the 
cranial center in another, creating leverage which adds the effect of 




— Decompensation (adnnced) in right Mnjcturat xt . 

treme I.t. complete loss of center of gra>-«y. aTabs;CJ^‘“o?co£^ia“ 

Fic 44 — Same as F15 43 
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Observation should also be rnadc in the prone position, for therein 
the functional curve disappears and the structural curve is modified 
by relief from superimposed weight. 

Descriptive record is thus made as the diagnosis. Scoliosis is de- 
scribed as to the location of the primary curve, the degree thereof 
(whether it is structural or functional), and its etiology. For instance: 

Scoliosis: lumbodorsal, structural, left, infantile paralytic, severe 
(Fig. 34); or scoliosis: cervicodorsal, structural, right, infantile para- 
lytic, moderately severe (Fig. 35). 

The flexibility should be recorded because of its important relation 
to treatment. It may be visualized by suspension of the trunk by the 
head (Figs. 37 and 38). The more rigid the spinal curve, the more 
resistant it is to continued Increase in itself and to efforts at decreas- 



Fio. 4t— Decompensation (early) in left dorsal scoliosU Note list to »n 
absence of compensator>- curves 
Fic 4 J — Same, revealing rotation 
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At any time, particularly during the growing period, the compen- 
sated scoliosis may lose its balance and become decompensated, and 
then the primary curve progresses and the secondary curves become 
relatively decreased. This “breaking” of compensation occurs most 
commonly at the lumbodorsal juncture. It is possible in some instances 
to regain compensation by means of a brace and exercises and passive 
efforts at reversing the direction of the leverage of superimposed 
weight. These are outlined below under shifting exercises. This regime 



Fig 47 —Treatment of decompensated scoliosis Head and pelvic traction upon curved 
Bradford frame Breathing exercises may be administered during this period 


must be continued for an indefinite period, preferably until maturity 
of bony structure. 

Treatment. — In the early case of decompensated scoliosis in which 
balance cannot be reestablished and in the confirmed stale of decom- 
pensation, treatment must be directed toward the artificial creation of 
compensatory curves and the maintenance thereof by apparatus, and 
toward the rehabilitation of the musculature in its new relation to 
enable it to maintain the curves without apparatus. Failing in the 
latter, one has the choice between continued apparatus and operative 
ankylosis of part or all of the primary curve and part of the secondary 
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gravity to the contrjictural dement of the primary curve, and causing 
it to collapse further (Figs. 41-46). 

In the compensated type the record must be kept for comparison at 
intervals to detect evidences of decompensation, and treatment con- 
sists In exercises for the prescoUotic patient as outlined above and in 
special corrective exercises indicated below (Exercises C). 



Fig. 45.— Same as Fir 44 . 

Fio 46 — Confirmed decompensation Fixed spine in extreme disalignment d* 0 
of thorax and impairment of general health. 
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the gymnasium for the exercises (Fig. 47). The latter, both active and 
passive, must be directed to\vard mobilizing the lumbar and cervico- 
dorsal portions of the spine as described in Exercises C and D. 

The establishment of compensatory curves or the beginning thereof 
requires several weeks. When the curves have been attained to the 
degree that the mobilized spine may be passively placed in an atti- 
tude which is the reverse of its former inclination, \nz., \vith the 
summation of the upper and lower curves equal to the primary one 
and with the pelvis rotated to the side opposite its former relation to 
the shoulders, a plaster jacket and spica are applied to retain this cor- 
rection, the jacket being provided with windows for pads to accentuate 
it (Figs. 48 and 49). 
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Artificial Creation of Compensatory Curves. — Older forms of 
treatment consisted of energetic, forcible redressment, stretching, and 
apparatus designed forcibly to unbend the primary curve, a procedure 
now considered inadvisable because it removes one quality of service 
in preventing further deformity, viz., the rigidity of the primary curve. 
In less forcible application of such measures, although clinically and 
radiographically there appears to be a decrease in the primary curve, 
the important result is the formation of new curves above and below. 
To enhance the latter, the unfixed portions of the spine are linibered 
by gymnastics, mobilizing exercises, and head and pelvic traction m 
recumbency. The patient is maintained on a Bradford frame, with 
traction upon the head and the pelvis, and is removed twice daily to 
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for the spine; (B) passively aided muscle training; (C) asymmetric 
muscle training in particular deformity; (D) passive manipulative 
procedure to mobilize the spine and create compensatory curves. 

Symmetrical muscle training. — ^The object to be attained is 
equal development of the spinal musculature — viz., the e.xtensor, 
flexor, lateral flexor, and rotator groups. This is best done with the 
patient recumbent, when the factors of weight-bearing in the upright 



Fio S4 — Flexor group training. 
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The plaster is applied with head traction wth the patient in the 
standing position. The arm on the side opposite the curve is strongly 
elevated. The lower extremity on the same side, i.e., opposite the con- 
vexity, is abducted. This position accentuates the secondary curves. 
The trunk is steadied by pressure over the anterior and postenot 
prominences of the deformed thorax, and while the patient assumes 
the attitude of the shift, the plaster is applied from neck to knee on 
the abducted side, rotary relation of pelvis and shoulders also being 
secured. , , , ^ ... 

A fenestra over the gibbus permits insertion of felt pads from ume 
to time (Fig. so). The child may be up and about and the pias ers 
may be changed at intervals for a period of from thj’w to ' 

Upon the’removal of the plaster a brace is applied 
positions secured by the plaster (Fig. 5 ^) ^^4 physical tberapy 
resumed, consisting of shifting and the general calisthenics o • 
Photographic and radiographic records are again made oompa 
months and years hence. The problem now is to retain what b , 
accomplished. The general exercises and brace are to be co 
for two years at least. Swimming and the ordinary activities 
be encouraged within reasonable limits. owcis«5 

In addition to the general exercises outlined, 
both naturally and by expiration against resistance with \Vo . ^ 
are valuable in cases in which the thoracic area has been cn 
upon by deformity. ^ , . i pjQ. 

Recurrence of decompensation justifies repetition of the 
cedure and fusion in selected cases. 

—•The 

Rehabiutation of Musculature; Physical 
part of the physical therapist in scoliosis may thus be su 


(1) Potential scoliosis 

a. General muscle training: posture work 

(2) Compensated scoliosis 

a. General muscle training 

b. Shifting exercises 

(3) Decompensated scoliosis 

a. hlobilization exercises 

1. Creeping 

2. Passive stretchings and torsions 

b. Retentive exercises 

1. General muscle training 

2. Swimming 

3. Breathing exercises 

4. Shifting exercises 

For the purpose of description the technic (consisting 
will be divided as follows: (A) symmetrical general muse 



Treatment iil 37 

54-57; the lateral flexor groups, as in Figures 58-60; and the lateral 
and rotator groups, as in Figures 61 and 62. 

Passively aided muscle training. — When the patient cannot 
voluntarily accomplish one or more of the group movements, the 
voluntary effort is augmented by the therapist’s passive aid. It may 
be advisable to commence with a limited range of the desired move- 
ment and gradually increase the range. The application of passive aid 
to muscle training is illustrated in Figures 63 to 73, inclusive. 

Asymmetrical muscle training and movements. — This group 
of exercises Is used in the compensated scoliosis to assure its mainte- 
nance; in the early decompensation, to attempt to regain compensation; 
and in the decompensated case, while undergoing traction in bed, to 
create compensatory curves. The technic varies u-ith the deformity at 



Fio S7— Fleror irroup training. 
Fie s8 —Lateral fleror trainin, 
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position are removed. By test it must be determined whether the 
patient is capable of carrying out the movements. If one or more 
movements are especially weak, it is well to neglect the others and to 
concentrate on this one, with passive aid as described under “B.” 

Shifting and insecurity of the pelvis must be eliminated by strap- 
ping. Movements must not be hurried or jerky, but slow and complete 
in range. The illustrations are self-explanatory. The extensor group 
is trained as in Figures 52 and 53; the flexor groups, as in Figures 
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the balance. The exercise is carried out several times within the limits 
of fatigue. 

These are supplemented by the creeping exercises described by 
Klapp * (Figs. 78-72). Locomotion by means of hands and knees is a 
general e.\erciser of spinal musculature if done symmetrically, and 
when carried out asymmetrically, it both mobilizes and exerts a cor- 
rective influence. The movements are carried out with a voluntary 
stretching of the concavity of the scoliosis at each upward and forward 



Fics 61 and 62 — ^Lateral and rotator training. 

thrust of the left upper extremity (Fig. jg), and the movement is 
repeated with progression of crawh'ng. 

In addition, asymmetric lateral flexion is performed, accompanied 
by voluntary passive stretching by the patient (Fig. 83). In this the 
patient voluntarily contracts the muscles on the convex side of the 
curve while utilizing the upper extremities as levers for passive 
stretching of the concave side. This is done rhythmically and slowly 
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hand. As an example, a typical decompensated right structural dorsal 
scoliosis of paralytic origin is shown In Figures 74 and 75. The patient 
was retaincrl in recumbent head and pelvic traction while Exer- 
cises B were carried out in addition to efforts to mobilize the com- 
pensatory curves by means of the shifting exercises. 

For the shifting exercises the patient stands erect with the hands 
resting firmly upon the pelvis and, by direct downward push with the 
upper extremities, applies upward push upon the trunk to the maximum 
degree of correction of the curve (Fig. 76). WTiile this position is held, 
the trunk is shifted to the extreme degree to the side opposite the curve 
(Fig. 77). This tends to accentuate compensatory curves and to realign 




Figs 5g acd 6o— Lateral flewr Iraininfj. 
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Figs 65 and 66 — ^Passive aid to flerion, increased 


range. 




Figs 6j and 64— Passive aid to flesion, limited range. 


Treatment 


Chapter 171 AO 
Volume IlJ 



Figs 69 and 70.— Passive aid in flexion. 
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knee is flexed rhythmically, adding weight to the corrective influence 
of the traction. To these exercises may be added the asymmetric use 
of any of the general muscle-training exercises outlined in A and B. 

Passive manipulative procedures. — For the sake of simplicity 
the numerous mechanical devices for exerting forcible traction and 
passive mov'ement will not be enumerated. They are all based upon the 
effort to secure hold upon the trunk by fixation of the pelvis and by 
utilizing the upper extremities and thorax to apply pull, rotation, and 
corrective flexion. It is doubtful if complicated apparatus wll retain a 
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place in this field, and it certainly never wll assume the place of the 
well-trained, devoted physical therapist w’ho intelligently applies the 
simpler procedures above outlined After all, the present knowledge of 
the subject eliminates the urge forcibly to unbend and untwist a scoli- 
otic curve, and it is apparent that the desideratum, i.e., the compensa- 
lion, can be secured ivkhout it and that nothing else can be secured 
'^ith It, Moreover, rapid forcible correction is utterly out of the ques- 
'^^''.t^^r^efore all that can be expected of apparatus is to spare the 
P ysical labor of the physical therapist. Every movement tending to act 
m a direction opposite to the tendency of the deformity, whether active 
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A similar influence is exerted by the standing suspension and abduC‘ 
tion exercises (Fig. 84). The left hand grasps the bar in a manner to 
extend the scoliotic curve by traction while the right lower extremity, 
aided by the right hand which depresses the right shoulder, is gradu- 
ally and rhythmically abducted. Thus the right shoulder and the lower 
extremity are approximated, and while they are in this position the left 




Treatment 


Chapter 171 AT 
Volume nJ 

consists merely of a hinged table in which the point of bending may 
be used as a fulcrum at the summit of the primary curve with the 
patient keeping htmseif In traction by hoiding on mtk his hands. 

The model used for this series of exercises (B, C, D) was subjected 
to the routine of decompensated scoliosis, viz,, recumbent traction; 
mobilization; corrective exercises B, C, and D; the shift plaster spica 
(Figs. 91 and 92); a brace; and indefinite continuation of the asym- 
metric muscle-training and shift exercises. Compensation has been 
attained to the degree shown in Figures 93 and 94, and will gradually 
increase. The regime must be continued until the spinal structures 
mature. 

It is justifiable when in doubt as to the necessity of apparatus or 
of head and pelvic traction to attempt the use of physical therapy 
alone and to observe the course, for there are severely decompensated 



Fio 76 — Shifting exercise. Movement Ko i 
Fig 77 — Shifting exercise. Movement No. 2 
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Structural Scoliosis of Paralytic Origin 

or passive, is capable of oft-repeated exertion by the patient and the 
therapist if there is mutual understanding of the aim. 

The simplest and most effective measures of passive ministration 
are head and pelvic traction in recumbency, the shift plaster described, 
and suspension of the patient by the arms and head. Voluntary stretch- 
ing while suspended on the rings is illustrated in Figures 85 and 86. 
The patient hangs on the rings and by rhythmic movements in the 
position shown in Figure 86, stretches the concave side of the curve 
and contracts the opposite. This may be supplemented by passive 
application of gravitational traction in the Sayre device (Figs. 87 and 
88). These same principles are applicable by means of apparatus 
counterbalanced by weights, in which the efforts of the operator are 
exerted with less work, such as the device in Figures 89 and 90, which 
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curves that respond readily without the tedium of the longer routine. 
Such an instance is well illustrated in Figures 95 and 96, which depict 
severe imbalance and list and no effort at compensation. The patient 
possesses excellent musculature throughout; the capacity to shift is 
shown in Figure 97, and with no other treatment than physical therapy 
she has attained correction of balance as indicated in Figures 98 
and 99. 



Figs. 81 and 8 j — C reeping exercises 


The patient must be impressed with the necessity of indefinite con- 
of observation and physical therapeutic work at home. 

The mere presence of deformity must not lead the surgeon or 
into treatment of a stationary curve. Figures 100 and 101 
exhibit extreme deformity which, without treatment other than a brace 
maintains equilibrium and compensation and hence should not be 
interfered with. The patient was not seen for two years, when he 
muTtiea improved (Figs. 102 and 103). 
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Fics 78, 70. and 80 — CreepinK exercises. 
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structure directly by operation. The maximum correction of the pri- 
mary curve and the creation of the secondar>' curves having been at- 
tained through the measures hitherto described, the bony structures of 
the spine are exposed and, by operative measures, converted into a 
rigid segment, either by a bone graft or by plastic bone operation upon 
the vertebrae. Details of the procedure may be found in standard 
works or orthopedic surgery. An instance is illustrated in Figures 109- 



Fic 84 — Suspension and abduction exercise. 


112 wherein, in the presence of extreme tendency to decompensation, 
tne spine was fused surpcally from the sixth dorsal to the second lum- 
^fiftebra with resulting maintenance of stability and alignment. In 
tms field, however, disappointments and relapses in loss of equilibrium 
^ operative treatment are not uncommon. 

In Figures 38 to 88 inclusive the seemingly remarkable degree of 
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Furthermore, enthusiasm for physical therapeutic measures should 
not lead the therapist to ignore the effectiveness of measures of ex- 
ternal support. Indicative of this feature is a case of spastic dystonic 
scoliosis of severe degree (Fig. 104) made worse by any active or 
passive measures of physical therapy. When held in plaster for months 
(Figs 105 and 106), and later in a brace, the scoliosis subsided with 
decrease in the intensity of muscle hypertonicity to the degree shown in 



Fic 83 —Asymmetric lateral flexion aided by voluntary passive stretchmff. 

Figures 107 and 108. If the patient had not been supported 
this curve would have become irretrievably fixed in decompensn • 
Occasionally experience may convince one of the advisabili , 
making the spine stiff by “splinting from within.” In other words, 
extrinsic elements upon which reliance must be placed to J 

pensation are undependable This having been determined 
delicate determination), U becomes necessary to attack the skeieia 
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The impressions given herewith are based upon the writer’s experi- 
ence with approximately 175 cases of scoliosis in the last ten years, but 
they have originated largely in the substantial contributions to the 
literature on this subject by R. W. Lovett,- Arthur Steindler,® W. 
Schulthess,* and others from whose writings I have borrowed. 



Fics S7 and 88 — ^Passive vertical traction 


Dorsum Rotundum (Round Back) 

The deformity of the spine incidental to loss of stability from any 
^use may be confined to anteroposterior deviations. In other words 
there is no lateral curve or torsion. - ’ 

Any factor causing loss of tonicity of the general musculature or 
softening of the osseous or cartilaginous structures of the spine tends 
to result in longitudinal collapse which is followed by pathologic 





52 [vKV n Structural Scoliosis of Paralytic Origin 

passive correction of scoliosis by means of vertical traction has been 
disclosed, and one is impressed by the fact that if such a degree of 
corrective influence could be perpetually exerted, the outlook in gen- 
eral would be better. This impression has been corroborated in my 
experience with those who, because of paralysis of the lower extrem- 
ities, have been obliged to use crutches to such a degree that one 
might be tempted to designate crutches as one of the most effective 
means of treating this complex and intractable deformity (Figs. 113, 
114, and 115). 

Conclusion. — In conclusion, one must not at best regard the pros- 
pect in scoliosis with optimism. It is a field which requires all the 
ingenuity of the surgeon and the physical therapist and is fraught 
with many disappointments. In it more than in any other field, per- 
haps, are teamwork, patience, and pertinacity essential. 



Fig S 5 — Passive Noluntary strvicbins on rin)^ 

Fig 36 — Passne voluntary stretching suspended by the rings 


Dorsum Rotundum 


Chipter 171 EC 
Volnm* IlJ 

increase in the physiologic curves. Depending upon the nature of the 
underlying pathology, the length of time inflicted, and the treatment 
accorded, the exaggerated curv’es become more or less fixed. This 
deformity varies in degree from mild postural relaxation which is 
readily passively corrected to the great rigid round back of chronic 
arthritis. In the aged the thinning of the intervertebral discs creates 
the general forward-bent spine. 

Since the treatment of postural deformities is found elsewhere, I 
confine the present discussion to round back in children, due to changes 
in the osseoca^tilag^nous structures. Such changes are in the nature of 
malacic phenomena secondary to either general or local factors. More- 
over, the changes may be general throughout the spine or limited to 
certain areas thereof. 



Fig 91 — Model after application of shift plaster spica 
Fio 92 — Posterior view of same. 
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2. Limited portion of the spine 

a. Localized epiph3rsitis 

b. Localized arthritis 

c. Localized trauma (fracture) 



Fic 95 — Decompensation, lumbodorsal right stniclural scoliosis. 
Fic 96 — ^Same as Fig 95, flcTed 
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Etiology. — ^The etiology of Axed round back may be summarized as 
follows: 

I. Malformation of vertebrae or cartilages due to: 

a. General skeletal disease 

1. Rickets 

2. Chondrodystrophy 

3. Osteomalacia 

b. Skeletal disease affecting the spine alone 
I. The entire spine 

a. Osteochondritis 

b. Arthritis 

c. Absorption of cartilage in the aged 



Fic Q3— Model one year after bepinning treatment. Acquisition of compensation and 
maintenance therapy 

Fic 04 —Same as Fip 03, fle*ed 


Moreover, the general symmetrical exercises for trunk and spin: 
musculature should be instituted as early as the cooperation oi th 
patient can be secured. 

At a later period in life, i.e., in the second decade, most commoni 
in girls at the age of 14 to 17, there occurs the common form c 
“round shoulders” or round back, the result of asthenia of any forr 
and static in origin. It may be readily corrected passively and th 
treatment consists of posture training, symmetrical muscle training 
and, in intractable types, of a brace, as described under “Scoliosis 
(Fig. 33). In those in whom forward rotation of the shoulders appear 
to be the chief element of deformity, a simple shoulder strap ma; 
suffice (Fig. 116). The outlook in the static form, if exercises ani 
training are persistent, is good for the ultimate correction of th 
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d. Tuberculosis 

e. Congenital malformation of the vertebrae 

In infancy there is little or no physiologic lordosis in the lumbar 
region. This is acquired gradually, as sitting up is acquired, and is 
increased upon standing and walking. But in infancy, if the child is 
rachitic or if there is general muscular atony, the back is inclined to 
assume an attitude of general backward curve; in other words, the 
whole trunk has “slumped” forward. To prevent such a deformity 
from becoming confirmed, it is better to discourage sitting until gen- 
eral rachitic treatment has improved the underlying factor. In such 
cases a light corset reenforced posteriorly to support the usually 
pendulous abdomen and to maintain the spine erect should be worn, 
and upon walking the light brace illustrated in the section on scoliosis 
(Figs. 32 and 33) should be utili2ed. 



Fic 97— Same as Fii; g5, shiftinR 

Fic 9S — Realigned and compensated by physical therapy alone. 
Fig 09— Sartc as Fig gS. flcwd 
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chest is deep, but the muscles are strong and no disability results; 
in girls more often the patient becomes asthenic and goes through life 
in semi-invalidism, when untreated. 

This entity is evidently the result of an atypical or pathologic 
process of ossification of the epiphyses of the bodies of the vertebrae. 
In the growth of the longitudinal thickness of each vertebra there ap- 
pears at the upper and lower articular suriaces a disc of bony ossifi- 
cation which is first noted at the age of 13 or 14. This disc gradually 
increases in thickness and unites when the individual is at the age of 



Fic. 104 — ^Scoliosis due to d>stQnia icusculorum 


22 or 23 or when the body completes its growth In those children 
developing the above-described deformity, these discs become irregular 
and sometimes fragmented, suggesting the nature of the changes seen 
j"® S^O'ving femoral capital epiphyses in Legg’s (Perthes') disease 
and the carpal navicular in Koehler’s disease. Even untreated ossifica- 
am” ultimately completed, but the result is the unalter- 

ably hxed round back. Early in the disease there is sufficient resiliency 
to enable correction, which, however, becomes progressively more re- 
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Much more difficult is the dorsum rotundum in children of this 
same age which has as its origin a disorder of the growth of the ver- 
tebrae. The back gradually and painlessly assumes the attitude of 
excessive convexity of the dorsal spine and this convexity is fixed, 
i.e., cannot be passively or actively corrected. The head is thrust 
forward and in a compensatory effort to maintain balance the lumbar 
curve becomes accentuated. Thus there is the picture of round back 
above and “sway back” or hollow back below (Figs. 117 and 118). 
The shoulders are narrow and the abdomen sags. Thus there is assumed 
the “habitus ptoticus” with flattening of the chest, descent of the 
diaphragm, limitation of respiratory excursion, and abdominal visceral 
ptosis with its train of disorders. Not uncommonly, in boys the dis- 
order becomes arrested; the back remains round and fixed and the 



Fic 102 — Same as Fig loo After 3 ynn with brace only Compensated »•*** 
or no treatment 

Fig loji — Same as Fig loj, flevd 
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c. Later muscle training 

d. General treatment of underlying cause 

e. Radiation, violet rays 
2 . In adolescence: 

Congenital 

Static 

Postural 

a. Symmetrical muscle training 

b. Swimming 

c. Corset, brace, or shoulder straps 
Osteochondritic 

a. Same as a, b, and c under “r” 

b. Recumbency and traction, if needec 

c. Special passive and active exercises 
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Dorsum Rotundum 


sistant with time. It would appear that this pathology may be rather 
acute in its onset, causing pain in the back, fatigue on little exertion, 
and sometimes pain on movement, and it may thus be confused with 
early tuberculosis or other disease. On the other hand, it may be of 
such gradual development as to be unnoticed except for the deformity. 
Moreover, it may be diffuse, affecting all the spinal elements, or it may 
be localized in two or three vertebrae. In the former deformity will be 
general; in the latter it may be angular to the degree of localized 
gibbus. 

'Treatment. — This may be epitomized as follows: 

I. In infancy: 

Rachitic 

Amyotonic 

a. Recumbency 

b. Corset supports 



Figs ids and io6— Same as Fip 104, in piaster 







Fig, jtx ) — Broken compensation Severe right structural 
lapsed after conscr\-ati\e trealiDcnt Incapable of retention. Suitable for lu 
Fio. no. — Same as Fig loo, flesed 
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Recumbency and traction having corrected the deformity, the prob- 
lem is to maintain it. This is accomplished by braces of the types 
illustrated (Figs. 32-33). 

Muscle Training. — In the case without pain, which is the usual 
type, the treatment consists of general muscle training of spine and 
trunk and special active and passive corrective procedures. The regime 
is directed toward the reestablishment of general muscle tone, and 
hence support; passive correction of the posterior convexity of the 
dorsal spine and anterior convexity of the lumbar spine, and inci- 
dentally retraction of the abdomen; and elevation of the diaphragm 
and expansion of the chest. The passive corrective procedures are 
really applied under the physical therapist’s direction by the patient 
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3. In adults: 

Arthritic 

Traumatic 

a. Recumbency in Bradford frame, plaster dressing, traction 

b. Brace 

c. After quiescence, heat, massage, muscle training 

Tuberculosis and other infections causing deformity are discussed 
elsewhere. Herewth is treated only the dorsum rotundum of ado- 
lescence due to vertebral disorder of growth referred to above. The 
principles are the same as in any anteroposterior deformity of the 


Fic X13 — Markfd altitudinal and paralytic scoliosis. 
Fic. 114 — ^Same as Fig 113, from behind 


spine. First of all, if pain is present, all procedures involving move- 
ment, mther active or passive, are contraindicated. Second, if pai^ *5 
absent but is caused by movement, the latter is contraindicated. Third, 
II pain IS absent on active or passive movement, then movements both 
active and passive are essential in the treatment. 

^cuMBENCY AND Traction. — ^In the presence of round back with 
pain, tendern^s, or instability, primary treatment consists of recum- 
bency on the Bradford frame with head and pelvic traction (Fig. 47)- 
Thus can deformity be gradually and painlessly corrected, and qm* 
escence of the painful element can be encouraged. 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing- 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. up). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to .walls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and e.xpands the chest anteriorly (Figs. 120 and 121). 

'3. Recumbent Stretching on Roll under Round Back. A thick felt 
pad or roll is placed beneath the dorsal spine with arms behind ,the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 122). 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing' 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. 119). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to.ivalls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and expands the chest anteriorly (Figs. 120 and 121). 

3. Recumbent Stretching on Roll under Round Back. A thick felt 
pad or roll is placed beneath the dorsal spine with arms behind the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 122). 



Fig 119— Round back exercises Banging and swinging on the rings 
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4. Abdominal Retraction. With the same position as in “■ 
abdominal musculature is retracted sufficiently to flatten the j 
curve. This exercises the abdominal muscles, expands the che: 
increases the leverage on the dorsal spine (Fig. 123). 

5. Dorsal Flexion against Round Back. In the prone positio 
the strap applied over the summit of the dorsal curve, her 
shoulders are actively dorsi/Iexed, thus exerting passive cor 
influence on round back and strengthening the extensor musa 
(Fig. 124). 

6. Standing Table Exercise. The patient stands fonvard-fle 
hips, with trunk upon a table, arms extended above, grasping : 
While maintaining contact between abdomen and table, arr 
extended with over the head, staff is brought into conlai 
round dorsal spine, and backward leverage is exerted by further 
sion of curved dorsal spine. Thus the lumbar curve is flatten! 



7n rchipter 17 
<U Ivolnme 11 


Dorsum Rotundum 


4. Abdominal Retraction. With the same position as in “3,” the 
abdominal musculature is retracted sufficiently to flatten the lumbar 
curve. This exercises the abdominal muscles, expands the chest, and 
increases the leverage on the dorsal spine (Fig. 123). 

5. Dorsal Flexion against Round Back. In the prone position mth 
the strap applied over the summit of the dorsal curve, head and 
shoulders are actively dorsiflexed, thus exerting passive corrective 
influence on round back and strengthening the extensor musculature 
(Fig. 124). 

6. Standing Table Exercise. The patient stands forward-fle.xed at 
hips, with trunk upon a table, arms extended above, grasping a staff. 
While maintaining contact between abdomen and table, arms are 
extended with staff over the head, staff is brought into contact with 
round dorsal spine, and backward leverage is exerted by further e.xten- 
sion of curved dorsal spine. Thus the lumbar curve is flattened, the 
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Fig. t2j — Recumbent stretching on roll under round back. 



Fic rzj ^Abdominal retraction. 



Fic 124 — Dor^l fl 
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dorsal curve is decreased, and the spina! musculature is strengthened 
(Figs. 125 and 126). 

All these exercises are to be carried out slowly and gracefully within 
the limits short of fatigue, and they are supplemented by swimming 
and general calisthenics. They are simple enough to enable the patient 
to learn the routine and to carry them out at home twice daily. More- 
over, the child must be impressed with the necessity of maintaining 
the attitude of maximum correction at all times, and when he is 
unable to do so, this effort must be supplemented by apparatus. 
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CHAPTER EIGHTEEN 


TREATMENT OF MALIGNANCIES OF' THE SKIN 
George JI. MacKee, M,D., and Anthony C. Cipollaro, M.D. 

CANCER OF THE SKIN AND ORIFICIAL MUCOUS 
MEMBRANES 

Foreword 

Throughout this chapter the various physical agents used for the 
treatment of cancer of the skin and orificial mucous membranes, and 
for the treatment of conditions that might lead to cancer, are men- 
tioned but are not described. A detailed description of these methods 
and agents is given in Chapter i8, Volume I, and Chapter 4, Vol- 
ume III, Technical details contained in those chapters are not repeated 
here. Also many terms are used in this chapter for which no definition 
is given. Explanations for these terms are contained in the chapters 
mentioned above. 

The family physician, for whom this chapter is WTitten, is often the 
first to be consulted by a patient who has cancer or who has a 
condition that may lead to cancer. It is important, therefore, for the 
practitioner of general medicine to be well acquainted with the clinical 
aspects of these conditions. Many general physicians are excellent 
surgeons, using either the scalpel or surgical diathermy, or both. Only 
experts in the use of roentgen rays and radium are qualified to use 
these agents in the treatment of cancer; but every physician should 
know what is being accomplished with these agents. / 

For the reasons enumerated above, considerable attentioh is given 
to clinical description, and to therapeutic methods that are employed 
by physicians other than specialists. A few statistics are included. The 
discussion of roentgen-ray and radium therapy in relation to the cancer 
problem is general. This discussion gives information with which the 
lamily physician should be familiar. It must not be construed as an 
attempt to teach the technic of such therapy nor to encourage the 
use of these agents by general ph^icians The bibliography contains 
reierences for those who are particularly interested in roentgen-rav 
and radium treatment. 
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Treatment of Malignancies of the Skin 


Mortality and Incidence of Cutaneous Cancer 


The incidence and death rate of cancer increased markedly in New 
York City between the years 1910 and 1930. Statistics for New York 
City may be taken as a barometer for other large urban centers in the 
United States. Several factors are apparently responsible for this in- 
crease, the most important being the longer expectancy of life. Cancer 
is most prevalent after the age of 40, and a much larger proportion 
of the population now reach the later decades than was formerly the 
case. Improved methods of diagnos* 

(directed at both the medical and : * ‘ 
other factors which influence the ‘ 

The death rate can be ascertained with a fair degree of accuracy. 
In New York City the death rate from cancer was 78 per 100,000 01 
population in 1910. In 1930 the rate had increased to xij per lo^ooo 
population. The actual number of deaths from cancer in New York 
City during the year 1930 was 8,025.* ^ , 

When cancer as a cause of death in New York City is compared 
with other diseases, it is found to rank second to heart disease, to equal 
pneumonia and to be far above tuberculosis. Succinctly, the death rale 
per 100,000 population for heart disease (for 1930) was 244» 
cancer, 117; for pneumonia, ri6; for tuberculosis, 64. „ . 

Of the total of 8,025 cases of cancer that terminated ‘Jt^lly ana 
appeared on the death certificate as the cause of death in 
City in 1930, 363 (4,52 per cent) were cancers of the skin and hucca 
cavity. The tumors in these 363 patients were located as follows: ca ■ 
cer of the buccal cavity — males, 229; females, 28 (3*20 per cen 
Cancer of the skin — males, 66; females, 40 (1.32 per cent). 

In the registration area of the United States, there were 76>274 
deaths from cancer and other malignant tumors (mostly cancer; 1 
1921. Of these, 2,610 (3.42 per cent) were cancers of ^ ^ ' 

2,132 occurring in males and 478 in females. Two hundred and eign y 
seven deaths (0.38 per cent) were due to cancer of the 
vulva. Malignancy of the skin was given as the cause of deatn 


2,433 cases, or 3.19 per cent. . 

Since cancer is not a reportable disease, it is impossible 
to determine its incidence. Also, at the present writing, it is impossiD 
to ascertain the total number of cases of cancer of the skin an 


orificial mucous membranes that have been cured. . 

The point to be emphasized here is that approximately 7 . 

of deaths due to cancer in the United States (1921 statistics) a 
caused by cancer of the skin and orificial mucous membranes. In on 
year ( 1930 ) there were 363 deaths in New York City caused by cancer 
of these parts. . 

As wc shall see later, the therapeutic results in cases of 
metastatic cancer are cncoura^'ng; in certain morphologic ^ j' 
logic tj^pes of such growths the results are excellent. However, there 
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no certain cure for unselected cases of advanced cancer, hence the 
large mortality. Cancer in a very early stage of evolution, before metas- 
tasis has occurred, is usually curable. Obviously, therefore, if every 
case of cancer could be diagnosed sufficiently early and adequate 
treatment immediately instituted, there would be a spectacular drop 
in cancer fatalities. Such a desirable attainment is very often im- 
possible in the case of cancer of the viscera and other deep structures. 
But it is possible in the majority of cases of cancer of the skin and 
orificial mucous membranes. It is even possible to accomplish more 
than this. JIany cutaneous cancers develop as a result of a long- 
standing antecedent lesion. These potentially dangerous lesions are 
well known and will be described later. Most of them can be perma- 
nently eradicated. If all or the majority of such conditions were recog- 
nized and destroyed, there would be a substantial reduction in cancer 
incidence. 

The dermatologist can usually make a clinical diagnosis of early 
cutaneous cancer and of conditions that may lead to cancer. When 
this is impossible, a microscopic examination may help to establish 
the diagnosis. The practitioner of general medicine cannot be expected 
to make all the necessary clinical differentiations between cancer or 
dangerous cutaneous lesions and the large number of benign conditions 
which they may simulate. Proper undergraduate and postgraduate in- 
struction in dermatology, with sufficient emphasis on the conditions 
under consideration, will increase the diagnostic ability of the physi- 
cian. Periodic health examinations will give the family physician oppor- 
tunity to examine the entire cutaneous surface and the membranes of 
the orifices. The family physician really should be able at least to 
detect dangerous lesions of the skin and membranes, and to suspect 
the potentialities. He may then request a consultation or microscopic 
examination, or eradicate the condition, according to his training, 
ability, facilities and willingness to assume responsibility. 

^\Tien dealing with malignant growths or conditions that may lead 
to such growths, the situation is so serious — i.e., it is so essential that 
no diagnostic or therapeutic error be made — that it seems advisable 
for the family physician to request a division of responsibility. 

In recent years several organizations have conducted a determined 
and comprehensive campaign of cancer education in an attempt to 
reduce the incidence and mortality of the disease. This campaign has 
undoubtedly accomplished a great deal of good. It is probable that a 
continuation of the cancer propaganda directed at the lay public will 
prove helpful, especially if very carefully done. It seems advisable to 
the public, wth carefully selected words, that cancer is amen- 
able to treatment and that it is often preventable. Rather than attempt- 
ing to teach symptomatology, w’hich so often proves injurious, it seems 
preferable constantly to urge periodic health examinations. These or- 
ganizations can help to educate the medical public by continuing to 
suggest adequate instruction for the undergraduate medical student 
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and suitable postgraduate courses, seminars, symposiums, addresses, 
articles, monographs and books for the practicing physician. 

Cutaneous Conditions That May Give Rise to Cancer 

The lesions and conditions of the skin and orificial membranes that 
frequently and occasionally give rise to cancer are known as the pre- 
cancerous dermatoses. The term is a poor one because it implies a 
necessary sequence, whereas in reality even the most dangerous mem- 
bers of the group do not always give rise to cancer, and many of the 
so-called precancerous dermatoses are hardly more dangerous than is 
normal skin. There are pathologists, dermatologists and cancer experts 
who aver that there is always a precancerous stage to ever>' cancer. 
Often the precancerous condition is visible to the naked eye. At times 
it can be detected only with the aid of a microscope. In support of 
this contention are the so-called nonpigmented melanomas which have 
been shown to arise in defects that are not macroscopic; also the so- 
called nevus tardus — a birth mark which presumably must be present 
at birth but which does not become visible for weeks, months or many 
years after birth. 

Without delving deeper into the academic aspect of this contro- 
versial subject, suffice it to say that dermatologists employ the term 
precancerous dermatoses simply for a convenient sobriquet for a 
certain group of conditions for purposes of conversation and teaching. 
When teaching medical students or addressing a medical group the 
exact meaning or significance of the term is explained. 

As indicated above, the precancerous dermatoses include condi- 
tions that frequently give rise to epidermoid carcinoma, either spon- 
taneously or as a result of irritation. Among such conditions are leukt^ 
plakia, kraurosis vulvae, senile keratosis, certain roentgen-ray and 
radium injuries, the blue-black mole and so on. At the other extreme 
are relatively benign conditions such as a long-standing ulcer, a large 
scar, and a large number of cutaneous lesions. Any permanent eleva- 
tion above the normal surface of the skin, such as a small sc^j ^ 
common mole or even a wart, if frequently irritated or traumatized, as 
might happen on the bearded region of an adult male, nught lead to 
cancer. An area of gum constantly irritated over a period of many 
years by a ragged tooth might also give rise to cancer. Such conditions 
are comparatively free but not entirely free of danger. It is for this 
reason that these and many other more or less similar conditions are 
included in the group of precancerous dermatoses. 

Alpiiadetical List of Forerunners of Cutaneous Cancer 
Cicatrix 

Cornu cutaneum 
Erythroplasia 
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Farmers’ skin (sailors’ skin) 

Inflammatory dermatoses: 

Eczema 
Lichen planus 
Psoriasis 

Keratoses: 

Arsenical 

Seborrheic 

Senile 

Occupational: 

Tar, pitch, oil, carbon, etc. 

Kraurosis vulvae 
Leukoplakia 
Lupus erythematosus 
Lupus vulgaris 
Nevi 

Papilloma of tongue 
Radiodermatitis 
Sebaceous cyst 

Syphilis (syphilitic leukoplakia, smooth atrophy and interstitial 
glossitis) 

Ulcers (long standing) 

Von Recklinghausen’s disease (multiple neurofibromatosis) 
Xeroderma pigmentosum 


Paget’s disease and Bowen’s precancerous dermatosis have hereto- 
fore been included among the precancerous dermatoses. They are 
excluded here because Pautrier,- IMassia and Rousset,® Fraser, and 
many others who have made careful studies of these conditions, find 
that they are cancer from the beginning. Massia and Rousset state 
that: “One is forced to the hypothesis that both affections are cancerous 
from the beginning, and that their origin cannot be other than in the 
epithelium of the skin or the demi-mucosae in such regions as the 
Jfipples, glands, vulva, anus, axilla, etc.” The subject is under con- 
troversy, but the majority of those who have investigated the two 
diseases agree with the opinion expressed by Massia and Rousset. 


3m 
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acATBIX 

Cancer not infrequently develops in scar tissue, especially in large 
scars resulting from extensive thl^ degree burns, destructive diseases 
such as syphilis and tuberculosis, and severe injuries. Small scats, even 
when keloidal or hyperplastic, are not considered dangerous unless 
frequently traumatized. The new growth may be sarcoma, but it is 



I —“Squamous-cell cjnlhelioma developing in a scar. 


usually epithelioma of the squamous-cell variety. Epithelioma, when 
developing in scar tissue, usually evolves slowly probably because of 
the dense sclerotic tissue. But when the growth invades normal tissue 
it IS apt to be rapidly invasive and metastasis soon occurs. Cancer 
occurring in scars from bums used (o be called Marjolin's ulcer. 

Small, slightly elevated scan. :: 

be excised and primarj' union c : 

crasy, hypcrpla^ 1 can often be : ^ 
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tion of roentgen rays or radium. At times the elevated scar can be 
reduced to the level of normal skin with these agents wthout resorting 
to suTgCTy, OT the elevated pottlerv n\ay he tenvaved with surgical 
diathermy, especially Avith a loop electrode, radium and roentgen rays 
being used subsequently to prevent hyperplasia. We are discussing small 
elevated scars such as may occur on the bearded region of the male 
adult and which may be cut frequently with the razor. Such scars, 
when not subjected to frequent irritation or traumatism over a long 
period of time, are probably no more dangerous than is normal skin. 
Any or all of the therapeutic procedures mentioned above may fail. 
In such a case the lesion may be therapeutically neglected and inspected 
once or twice yearly, or a plastic operation may be performed. 

Large scars should be inspected by the family physician at least 
once a year, or the patient should be instructed to consult his physician 
in case there is any change in the scar. Ulcers, either spontaneous or 
traumatic, which occur in scar tissue and which do not heal in a few 
weeks under the influence of conventional treatment, should, from a 
clinical standpoint, be regarded as the possible early stage of cancer. 
In such instances it is well to make a microscopic examination. Even 
without proof of cancer, when the ulcer refuses to respond favorably 
to the various kinds of medicinal and physical therapy remedies 
recommended for chronic ulcers, it seems preferable to perform a 
plastic operation and remove the danger. 

CORNU CUTANEUM {CORNU HUMANUM) 

The hypertrophy kno^vn as the cutaneous horn was so named because 
of a faint resemblance to the horns of cattle. Usually the condition 
is classified wth the keratoses and warts. The pathologic change, 
however, is not always that of a keratosis or of a wart. At times the 
arrangement of cells suggests a corn. Like the senile keratoses, the 
cutaneous horn is encountered most frequently in the later decades of 
life, but it is seen occasionally in children. 

Cutaneous horns occur most frequently on the face and scalp, less 
frequently on the penis, scrotum, buttocks and other parts. They are 
usually single. In shape they may be conical, cylindric, straight, 
twisted, angular, or otherwise. They may be of almost any color, most 
Commonly yellowish-broivn or brownish-black. They may be short or 
several inches in length. In size they vary from a tiny lesion suggestive 
of a filiform wart to one having a circumference of 14 inches, as 
reported by Rodriguez.’ The base of the lesion is usually verrucous; 
the greater part of the lesion is composed of keratin. Occasionally, they 
sh^ spontaneously never to return; recurrence, however, is the rule, 
t-ebert® estimates that about 12 per cent of cutaneous horns chance 
to cancer. 

It is advisable to destroy cutaneous horns. Small lesions may be 

^tirpated after being softened with a 10 per cent solution of caustic 

397! 
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Fic 2. — Cutaneous horn. 

potash. Trichloracetic acid may then be applied to the base. A more 
certain and more popular method of destruction is with electrodesic- 
cation. When carefully done, the result is permanent and there_ is 
either no scar or one that is inconspicuous. When preferred, the l«ion 
may be excised. Solid carbon dioxide, radium and roentgen rays have 
been employed with good results by some. 

ERYTHROPLASIA 

{^pithiliome papillaire ntt) 

Erythroplasia is an uncommon affection. It was first 
Fournier and Darier ® in 1893. Queyrat ** made a careful study of this 
condition in 1910 and since then, in this country, the affection has-been 
known as erythroplasia of Queyrat. Sulzberger and Satenstem re- 
ported the first American case. 

The affection attacks especially the glans penis, but may also occur 
on the orificial mucous membranes. At first there may be one or severs 
small lesions which gradually extend peripherally. At first only 
emia may be visible -with little edema, thickening or elevation. Later 
there develops definite infiltration. The surface is shiny or vel^vety ano 
there may or may not be a serous exudate. Stinpng and itching ma> 
be present. 

Erythroplasia can be considered as a true precancerosis, 
every instance when the patient has been observed for a \ 

long time, prickle-cell epithelioma with involvement of the lymph *^ 5 
has developed. The disease is likely to be mistaken for eczema, sypnms, 
epithelioma, moniliasis, psoriasis and tuberculosis. , . 

The etiolo^ is unknown and the histology shows at first acanthosis, 
hyperkeratosis, parakeratosis and inflammatory changes. Later dysker- 
atotic changes of a Bowenoid type occur and eventually infiltrating 
prickle-cell epithelioma develops. 



Farmers’ Skin 


Treatment consists in complete destruction of the lesions by scalpel 
or eleclrosurgery. Amputation of the penis is necessary in some cases. 
Topical remedies, x-rays and radium have failed. 

INFLAMMATORY DERilATOSES 

It has been reported that several of the inflammatory dermatoses, 
such as eczema, psoriasis and lichen planus, have become carcinoma- 
tous. The consensus of opinion among dermatologists, however, is that 
the neoplasm develops secondary to a keratosis caused by radio- 
dermatitis or arsenotherapy, or both. It is improbable that these der- 
matoses, per se, ever give rise to cancer except, perhaps, in the case of 
long-standing lichen planus of the mouth. Saad ® reports a case of 
buccal lichen planus of three years’ duration in which carcinoma 
developed. 


farmers’ skin (sailors’ skin) 


This condition occurs on the exposed parts of middle-aged and 
elderly persons who have been exposed to the sun for many years 



Fio 3— Farmers’ skin (sailors’ skin) showing atrophy, “permanent freckles,” senile 
keratoses and d squamous-ccII epithelioma 


^^0 have a low actinic toleration. The skin becomes wrinkled 
yfy; permanent lentigo (freckles) and keratoses develop. The 

condition bears some resemblance to chronic radiodermatitis senile 

’ 
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skin, and xeroderma pigmentosum. It is quite common for epithelioma 
to develop in farmers’ skin. The epithelioma may be of the b^al-cell 
or squamous-cell t5T5e, Squamous-cell growths, when occurring in such 
skin, are often of comparatively low malignancy. The present fad for 
sun bathing and the use of sources of intense ultraviolet radiation in 
the home may possibly cause a numerical increase of cases of farmers’ 
skin in the future. 

Treatment consists of avoiding direct and strongly reflected sunhgm 
or adequate protection against such light. Protection may be obtained 
by the use of a walnut stain, or by rubbing a dark-colored cream into 
the skin followed by the application of a dark-colored powder. 


R Ichlhyo] gr.v 

Caimne grjss 

Burnt su^ar 3ss 

Zinc o-ride 3ii 

Starch (rice) Siij 

Vaselin (white) 2i 

Lanolin 3m 

il. Sig.: Apply to exposed parts for pro- 
tection against sunlight. 


R Cosmetic brown |r.vhitosv 


Lanolin, anhydrous 

Zinc oxide 

Bismwlh subcaibonate . . 5ii 
Magnesium carbonate .. ass 

Talc f?s 

Starch (rice) Su 

M. and pass through fine sieve. 

Sig: Apply to exposed parts site* umRS 
the cream. 


An ointment consisting of equal parts vaselin and lanolm m 
zo per cent zinc oxide, applied to the skin just before exposure to 
sun, provides sufficient protection in many cases. After 
has been rubbed into the skin, powdered talc may be appueo. z 
following cream may be applied so thinly as to be inconspicuous a 
yet give adequate protection. 


R Salol f.v. 

Tannic acid 3ss 

Cold cream qs-ad Si 

M. 

Patients with well-developed farmers' skin should have 
areas inspected at least once a year. It is well to destroy *be *ver 
with electrodesiccation. An ointment, such as the one subjoineo, y 
be rubbed into the skin at night to combat the excessive drynes , 
an almond emulsion may be applied several times daily. 

R LxnoHn, anhydrous 3,1 

Olive oil 

Vaselin 3u 

Cold ucam ...... qa. ad 31 


KERATOSES 

The lesions known as the keratoses are among the most 
most frequent of the forerunners of cancer. The keratoses tn 
be discussed here are the senile keratosis, seborrheic keratosis, ar 
ical keratosis and the industrial keratosis. 

Senile Keratosis.—The senile keratosis is seen commonly on 
the face and the backs of the hands in persons past miadie lije. zi c;* 
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ate perhaps more common in light than in dark skin. They ate sel 
encountered in negroes, American Indians and Arabs. The cli 
appearance depends on the stage of development. The lesions r 
in size from the head of an ordinary pin to a silver quarter, 
occasionally larger. They consist mainly of a thickened horny laye 
scale, which is firmly adherent. The scale may occasionally exfo’ 
which gives the impression of improvement. It is unusual for ar 
treated senile keratosis to disappear permanently. The lesions ma 
very slightly elevated or considerably so, depending on the amoui 
hyperkeratosis and inflammatory changes. When the lesion consis 
more than a thickened horny layer, one should suspect the early j 
of epithelioma; that is, if there is any evidence of acanthosis, or 
tration — any thickening other than that produced by the scale. 

The senile keratosis is a dangerous lesion, especially when sitt 
on the mucous surface of the lip. Many of them change to epitheJ 
sooner or later. It is probable that the neoplasm is always of 
squamous-cell type when situated on the mucous surface of the 
When the keratosis is situated in the skin, the resulting epitheli 
is usually of the squamous-ccll type. Eller and Ryan state that 
always of the squamous-cell type. 

Senile keratoses of the lip so frequently give rise to cancer tha 
advise the destruction of all such keratoses as soon as detected. Whe 
or not a given senile keratosis of the skin should be destroyed 
matter of judgment. As a general rule it is preferable that the^ 
eradicated, especially when the patient has a reasonably long ex^ 
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ancy of life. A very old person may have one, several or many lesions. 
In such instances it is often advisable to keep the patient under 
observation and treat only the lesions that appear to be changing 
from keratosis to cancer. Many senile keratoses never give rise to 
cancer. When cancer does develop on a senile keratosis, the evolution 
is usually slow so that the physician has plenty of opportunity to 
detect the transition, provided the patient remains under observation. 

One of the best treatments for senile keratosis is electrodesiccation. 
The area is first cleansed properly, then procainized. The lesion is 
next thoroughly dehydrated with the electrodesiccating current. The 
mummified tissue is removed with curet or scissors, and the base of 
the wound is again electrodesiccated. When there is the slightest 
suspicion of epithelioma, the treatment is, of. course, that advised for 
malignant neoplasms. Many persons, especially society women with 
lesions on the face, -prefer to avoid scars or any permanent defect 
such as depigmentation. However, when treating a senile keratosis it 
is advisable to concentrate on a permanent cure rather than on avoid- 
ing a permanent defect. Radium and roentgen rays are efficacious, 
when properly applied, for selected cases. The same statement may be 
made for solid carbon dioxide, the electric cautery, and various caus- 
tics. Persons who have a tendency to develop senile keratosis on the 
mucous membrane of the lip and on the skin should avoid excessive 
exposure to strong actinic light, and It Is well to apply ointments and 
creams frequently. 

Seborrheic Keratosis. — As a rule seborrheic keratoses are divided 
into two main varieties — hyperkeratotic and nevoid. The hyperkerd- 
totic variety will be described first. This type of keratosis is most com- 
mon on the face, scalp and trunk. Seborrheic keratoses may develop 
as early as the third and fourth decades, but they are far more com- 
mon in middle-aged and elderly persons. They are, perhaps, more 
common on very oily (seborrheic) skins. In size, they correspond witn 
the senile keratosis. The color is usually dark brown. The scale is 
usually waxy or greasy and, as a rule, it can be rather easily remold. 
The scale often sheds spontaneously but almost invariably recurs. Ine 
lesions are w’ell circumscribed and only slightly elevated as a rule, 00- 
casionally, one encounters a seborrheic keratosis that is verrucous.^ 

The seborrheic keratosis is not very dangerous. Some dermatologists 
aver that they never give rise to epithelioma. The majority of derma- 
tologists, including the writers, are of the opinion that an unkno'vn 
percentage of these lesions do give rise to epithelioma which, however, 
is usually of the basal-cell type. . , 

Obviously, it is important to distinguish between a seborrheic an a 
senile keratosis. Usually they can be differentiated clinically by jne 
gray, dry, adherent scale of the senile keratosis, as compared with tne 
dark-brown, w.axy, removable scale of the seborrheic keratosis.^ m 
limes it is imp.^vible to make the distinction. In such instances it is 
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preferable either to regard the lesion as of the senile tjpe or to make 
a microscopic examination. 

From the standpoint of danger it is not necessary to remove sebor- 
rheic keratoses, provided the lesions are occasionally inspected. As 
a rule, however, it is preferable to destroy them in order to prevent 
possible development of basal-cell epithelioma, and even squamous- 
cell epithelioma, and, also, for cosmetic reasons, situated on 

the exposed parts, especially in women, it is advisable to avoid leaving 
a scar if possible. 

In the early stage of evolution it is possible permanently to remove 
many lesions simply by the application of trichloracetic acid. When the 
scale is quite thick, it is preferable first to remove the horny layer 
with a curet and then apply the add. Often this can be done ^without 
a local anesthetic. Radium is frequently efficacious but recurrences 
are common. \\Tien carefully applied, the lesion is apt to disappear 
without leaving a trace. Solid carbon dioxide is used for this purpose 
by some dermatologists, but it is not a popular remedy. The most 
popular agent and probably the one that is most certain permanently 
to cure the lesion is electrodesiccation. 

Nevoid Keratosis. — ^This variety of keratosis occurs on the face 
and trunk of people over 30 years of age, most commonly after the age 
of so. In size the lesions range from the head of an ordinary pin to a 
fifty-cent piece and even larger. They are sharply marginated, consid- 
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erably elevated, usually dark broivn or brownish-black in color, often 
shiny and smooth. Usually there is no perceptible thickening of the 
horny layer — no scale. They should be differentiated from nevi, which 
they rather closely resemble. As in the case with the other varieties of 
keratosis, there may be a single lesion, a few or many. 

It is probable that the percentage of cases of epithelioma arising 
from the nevoid keratosis is small. It is also probable that the majority 
of such epitheliomas are of the basal-cell type. 

The nevoid keratosis is not, therefore, considered a very dangerous 
lesion. However, inasmuch as they are unsightly and, particularly, 
because they may give rise to cancer, possibly of the squamous-cell 
type, it is customary to destroy them. Under local anesthesia the lesion 
is dehydrated with electrodesiccation or coagulated with electrocoagu- 
lation. It is then removed with the curet, and the base of the wound 
is electrodesiccated. They may also be excised. Finally, they may be 
let alone and inspected once yearly. Radium and roentgen rays are 
not very efficacious. 



Fig 6 — Arsenical keralosrs wllh squatnous-ccl] epIthcHows- 


Arsenical Keratoses. — Arsenic, no matter how administered, i 
taken in large doses or over a long period of time, especially in idio' 
syncratic persons, may cause keratoses. Most of the arsenical keratoses 
luve been caused by the oral administration of arsenic (Fowler s solu' 
tion; Donovan’s solution; sodium arsenate, etc.) in small, modem c 
and large doses for long periods of time without suitable rest periods. 
Arsenic, as a rule, should be given in courses with intervals o( one 
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or several months between courses. Also, the patient should be care- 
fully observed for low toleration. 

The keratoses show a predilection for palms and soles. Occasion- 
ally, the affection is more or less generalized. It is often accompanied 
by mdespread, punctate pigmentation of the trunk. The characteristic 
picture is excessive dryness of palms and soles with almost innumerable 
punctate, deep-seated keratoses. Occasionally, very large thick lesions 
are encountered. Both basal-cell and squamous-cell epitheliomas are 
prone to develop on arsenical keratoses. 

The affection is treated mth copious applications of grease. The 
patient is kept under observation, and individual keratoses that are 
active — that is, those that continue to evolve — are destroyed with 
electrodesiccation. The area should be procainized and the keratosis 
should be completely eradicated. In recent years it has been customary 
to administer intravenously a freshly prepared solution of sodium 
thiosulphate; but no one has yet conclusively proved that such treat- 
ment has any influence on arsenical keratoses or that the formation of 
additional lesions can in this way be prevented. 

Industrial Keratoses (Industrial Keratoderma; Occupational 
Keratoderma). — Keratoses often precede the development oi indus- 
trial cancer of the skin. That cancer of the skin is a problem of some 
magnitude in industrial medicine can be appreciated by a review of 
the industries in which this condition develops. Workers come in con- 
tact with tar in the following occupations: Anthracite laborers, aniline 
dye workers, benzine distillers, chimney sweeps, coal oil workers, creo- 
sote Workers, gas-works stokers, lamp-black workers, pitch handlers, 
sprinklers of soot (gardeners), paraffin w'orkers, road tar sprayers, 
tar distillers and many others. 

Workers come in contact wth arsenic in the following occupations: 
sheep-dip workers, workers in Paris green, those who make or handle 
wall paper, smelters of ores, furriers, tanners, free and shrubbery 
sprayers, taxidermists, etc. 

In addition to keratoses caused by tar products and arsenic, there 
are those occurring in persons working with roentgen rays and radium, 
in shale-oil workers and so on. 

Persons who work in these various industries and who show a 
tendency to develop keratoses in spite of proper hygiene should change 
their occupation. 

^ Cancer in these cases, which is usually of the squamous-cell type, 
IS usually preceded by a long-standing follicular dermatitis or follicular 
Keratoderma. Occasionally, keratoses of the senile type occur. The 
or keratoderma may disappear wth change of occupation, 
cleanliness and soothing topical remedies. If not, the patient must 
remain under observation. Keratoses, ulcers that refuse to heal, and 
elect ^ be excised or destroyed with electrodesiccation or 
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erably elevated, usually dark brown or brownish-black in color, often 
shiny and smooth. Usually there is no perceptible thickening of the 
horny layer — no scale. They should be differentiated from nevi, which 
they rather closely resemble. As in the case wth the other varieties of 
keratosis, there may be a single lesion, a few or many. 

It is probable that the percentage of cases of epithelioma arising 
from the nevoid keratosis is small. It is also probable that the majority 
of such epitheliomas are of the basal-cell type. 

The nevoid keratosis is not, therefore, considered a very dangerous 
lesion. How'ever, inasmuch as they are unsightly and, particularly, 
because they may give rise to cancer, possibly of the squamous-cell 
type, it is customary to destroy them. Under local anesthesia the lesion 
is dehydrated with electrodesiccation or coagulated with electrocoagu- 
lation. It is then removed with the curet, and the base of the wound 
is electrodesiccated. They may also be excised. Finally, they may be 
let alone and inspected once yearly. Radium and roentgen rays are 
not very efficacious. 



Fio 6 — Arsenical l;eratose$ with stjuamous-cell epithelioma. 


Arsenical Keratoses, — Arsenic, no matter how administered, if 
taken in large doses or over 3 long period of time, especially m m*®* 
syncratjc persons, may cause keratoses. Most of the arsenical keratwes 
have been caused by the oral administration of arsenic {Fowlers solu- 
tion; Donovan’s solution; sodium arsenate, etc.) in small, modemte 
and large doses for long periods of time wthout suitable rest periods. 
Arsenic, as a rule, should be given in courses with intervals of one 




Fic 8 — Kraurotu wKae %Mth squamous-cdi epithelioma. 
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KRAUROSIS VULVAE 

This malady involves the mucous membrane of the female external 
genitalia. It seldom occurs before the age of 40 or 50. The first symp- 
tom may be a recalcitrant pruritus which becomes very annoying. The 
membrane becomes atrophic, sclerotic, pale, and leukokeratotic. The 
leukokeratotic changes are probably identical with leukoplakia of the 
buccal mucosa. The incidence of squamous-cell epithelioma in this 
affection has been estimated to be about 10 per cent. 

As a rule, it is well to treat this disease conservatively and to inspect 
the involved parts at least every six months. Excellent local hygiene 
is indicated. Itching may be relieved with nonirritating topical anli- 



Fio 7 — Kraurosis vuli-ae showing sclerosis and leukoplakia. 


pruritics such as lotions and ointments containing small 
of menthol, butesin, anesthesin, phenol, etc. Roentgen rays may be us 
as an antipruritic if necessary, but such treatment should be Jimiteo 
to one or two short courses of fractional doses. Alcohol injections ano 
resections of the sensory nerves of the perineum are other methods 01 
controlling vulvar pruritus Radium may be of value for small areas 
of leukoplakia. Ulcers and erosions that do not heal quickly shouw 
be excised or destroyed with the actual cautery or with high-frequen^ 
electricity, preferably the latter. Vegetations and nodules are ireaieo 




Miscellaneous Mouth Conditions nl ^ 

uous as a rule. The affected area may develop fissures, erosions > 
ulcers, or it may become verrucous or vegetating. Such lesions a 
especially dangerous, but it should be borne in mind that epithelion 
may develop suddenly and rapidly in an apparently inactive patch 
leukoplakia. When epithelioma develops in leukoplakia it is alwa; 
of the squamous-cell type. As a rule, the early evolution of the canc 
is slow; occasionally, it is rapid. 

The affection must be differentiated from lichen planus, lupt 
erythematosus, aphthous ulcers, moniliasis, and Vincent’s angina. Tl 
mouth lesions of lichen planus are punctate, striated, annular, papula 
and usually accompanied by skin lesions. Lupus erythematosus rare 
involves only the mucosa. The lesions are more inflammatory — co 
gestion, edema, and erosions. The other diseases may be differentiab 
by acute symptoms, concomitants, and bacteriologic examinatior 

Treatment.— It is customary to destroy small patches of leuk 
plakia unth electrodesiccation or with the electric cautery. Many sut 
lesions may be permanently cured with a single, intense application 
the beta or gamma rays of radium. If, however, the lesion is stubbor 
it is preferable to resort to the previously mentioned treatment rath 
than give repeated applications of radium. Large quiescent areas mi 
be treated with radium, but it is preferable to treat them palli 
lively. Dental hygiene must be perfect. Tobacco is prohibited. Actl 
areas should be excised or destroyed by the methods enumerated abov 
Treatment that is incapable of completely destroying the lesion shou 
be avoided. If the patient has syphilis, modern antisyphilitic treatme 
is indicated. The mouths of patients with leukoplakia should 1 
inspected every few months. 

ailSCELLANEOUS MOUTH CONDITIONS 

Chronic gingivitis, pyorrhea alveolaris, apical abscess, sinusc 
fistulas, erosions, ulcers, decayed teeth, etc., favor the development 
cancer. 

The dental profession deserves a great deal of credit, not only f 
superb mechanical ability, but because of the recognition that perfe 
oral hygiene is an exceedingly important health factor. The modei 
dentist urges his patients to have the teeth cleaned by a prophylact 
dental nurse at least twice yearly, at which time the dentist inspec 
the entire mouth. Undergraduate and postgraduate instruction 
diseases of the oral mucosa is pven in many dental schools and dent 
societies. This knowledge, together with periodic dental examinatior 
should materially lessen cancer incidence. The dentist has the oppo 
tunity to detect many of the conditions that lead to cancer. Some < 
these must be treated by the dentist; others should be called to tl 
attention of the family medical adviser. 
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leukoplakia, in the absence of ulcers, erosions, fissures, verrucous 
excrescences and vegetations, may be let alone and kept under obser* 
vation. It is preferable, however, to perform a partial or complete 
vulvectomy followed by plastic repair. Such operation is essential when 
there is widespread leukoplakia, sclerosis and areas of erosion, ulcera- 
tion and other danger signs. 

LEUKOPLAKIA (lEUKOKERATOSIs) 

It is the consensus of opinion that leukoplakia of the mouth may 
occur in both syphilitic and nonsyphilitic persons, and in smokers as 
well as non-smokers. Its etiology has not been definitely determined. 
Presumably it can be caused by syphilis and by local irritation. As a 
rule, antisyphilitic treatment has little if any effect on leukoplakia. 
When occurring in syphilitic persons, it is often associated with inter- 
stitial glossitis' and smooth atrophy, a triad that is probably more 
dangerous than uncomplicated leukoplakia. 

It is a fairly common affection in men; only about five per cent of 
the cases occur in women. While leukoplakia is dangerous, it is prob- 
able that many cases, perhaps the majority, never develop cancer. 



inous-ceU cpithelionia. 


Leukoplakia may occur in one or several very small patches . 
tongue, lips, or mucous surfaces of the cheeks; or most of the DU 
cavity may be involved. Small patches on the gums, under the tons^' 
on the roof of the mouth, behind the molars, etc., may escape care 
examination. , . j 

The patches are white, usually marginated, irregular in size a 
shape, slightly thickened, and a trifle rough. The patient is often c 
scious of the affection, although subjective symptoms are not consp 
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all Other scars and sclerosed tissue, cancer in lupus vulgaris, probably 
because of the dense fibrous tissue and sparse blood vessels and 
lymphatics, is likely to evolve slowly at first and to be of a com- 
paratively low degree of malignancy. 

The early stage of cancer in these cases is often mistaken for active 
lupus. Indeed, the clinical diagnosis may be difficult. Warty excres- 
cences, a vegetating tumor, a pearly nodule, or a stubborn ulcer having 
an indurated margin, when occurring in a patch of lupus vulgaris or in 
scar tissue left by the disease, should be regarded with suspicion. In 
all such cases a biopsy should be performed. The treatment is that 
recommended for cancer — excision, plastic surgery, surgical diathermy 
and, in selected cases, roentgen rays and radium. 

NEVI 

Of the many forms of birth marks, the most dangerous is probably 
the almost flat, smooth, hairless, blue-black mole. Alany of the mel- 
anomas have their origin in lesions of this type, ^^^iile malignant 



change may be spontaneous, it is much more likely to follow trauma- 
tism, frequent irritation or injudicious treatment. 

If such a lesion is quiescent and in a location where it will not be 
irritated, it may be let alone. But when there is the slightest evidence 
of activity, such as increase in size or thickness, ulceration, crusting, 
etc. (Hutchinson’s malignant lentigo), or if there is possibility of re- 
peated injury, the lesion should be radically destroyed. As a rule, it is 
preferable to remove malignant lentigo. This may be accomplished by 
a wide, deep excision or it may be radically destroyed with surgical 
diathermy. Radium and roentgen rays have produced excellent results 
m some cases. 

There is a controversy relative to the advisability of removing an 
apparently quiescent blue-black mole. In the past, attempts at removal 
nave been so often followed by recurrence and metastasis that many 
physicians prefer to do nothing \\^ile it is true that many of these 
esions never give rise to melanoma, very frequently indeed they do so. 
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LUPUS ERYTHEMATOSUS 

Epithelioma of the squamous-cell type occasionally develops in the 
sclerotic tissue caused by the discoid variety of lupus erythematosus. 
The neoplastic evolution is at first slow, but as soon as normal tissue 
becomes involved the growth becomes fairly rapidly invasive. Like 
most epitheliomas that develop in scar tissue, the grade of malignancy 
is comparatively low. A persistent ulcer or erosion, a nodule or a 
vegetation, occurring in an area of lupus erythematosus or in sclerotic 
tissue resulting from a patch of lupus erythematosus, should be excised 
or destroyed with surgical diathermy. Roentgen rays or radium may 
be used, but the result is less certain. 

It has been said that epithelioma, when apparently caused by lupus 
erythematosus, is really due to excessive roentgen-ray or radium treat- 
ment. Undoubtedly this is true in some cases, but epithelioma occurring 
in cases of lupus erythematosus has been reported in the absence of 
such treatment. Squamous-cell carcinoma occurs as a complication of 
lupus erythematosus in about 4 per cent of the cases. 



Fio 12 . — Lupus erythematosus and squamous-cell epithelioma. 


Gold and bismuth therapy have replaced, for the j, 

other therapeutic agents for this disease. Roentgen rays and rad 
are very seldom used for this purpose. Intravenous injection 01 g ^ 
sodium thiosulphate cures or controls many if not most 
It will be interesting to compare lupus cancer statistics of the p 
with those compiled during the next twenty-five years. 

LUPUS VULGARIS 

It has been estimated that squamous-cell epithelioma 
about 2 per cent of cases of lupus vulgaris. It is undoubtedly 
that some of these cancers are due to the excessive use of roentgen y 
or radium. On the other hand, cancer in lupus vulgaris lesions or ■ 
was reported before the advent of roentgen rays and radium. As 
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The blue-black mole should never be treated vvith caustics nor should 
it be squeezed. It should be let alone or completely removed. 

The very common mole — pinhead- to split-pea-sized, elevated, 
smooth, more or less pigmented (various shades of brown) with or 
without hairs — is not considered dangerous unless subjected to re- 
peated irritation Large browm nevi, flat or elevated, wth or without 
hair, in the absence of traumatism, are not veiy dangerous lesions. 
Cerebriform and other soft nevi are dangerous, as a rule, only when 
irritated or injudiciously treated. The same statement may be repeated 
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When we are certain of the diagnosis, we prefer to remove this type 
of lesion by scalpel surgery provided, of course, that the location and 
size are suitable for such treatment. An incision is made through the 
skin at least one-quarter inch beyond the well-defined margin of the 
lesion. The incision then extends outward and doivnward to the muscle. 
When the tissue is removed, the lower portion will be wider than the 
upper portion. The excision is made in this way because occasionally 
the pigment-bearing cells may follow nerves and blood vessels down- 
ward and outward. The tissue should be examined immediately by 
frozen section or \vith a powerful magnifying lens, and, later, serial 
sections should be carefully examined under the microscope. In this 
way the diagnosis is established; also it is ascertained whether or not 
the lesion was completely removed. If not completely removed, a wder 
excision is made. The excision may be made either with a scalpel or 
with the cutting current. We prefer the former because surgical dia- 



Fig. 14 — Common moles. 


thermy in any form may interfere with a satisfactory microscopic ex- 
amination. 

As a rule, the blue-black mole is a small lesion (pinhead-sized or 
split -pea-sized). Occasionally, they are much larger — too large for 
excision. Occasionally, too, the situation precludes ordinary excision. 
In such instances the lesion may be let alone and kept under observa- 
tion, or it may be removed by plastic surgery, depending on the judg- 
ment of the physician and the attitude of the patient and family. 

The blue-black or gun-metal or slate-colored mole may be confused 
with dark-brown, much less dangerous nevi. It may be closely simu- 
lated, at times, by a tiny sebaceous cyst that happens to contain pig* 
ment or in which the refractive index is such as to produce a bluish- 
black appearance; also, very small hemorrhagic cysts may simulate 
malignant lentigo. The diagnosis, therefore, is not always easy. 

Moles may be present at birth or they may appear months or 
years, sometimes many years, after birth. 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized as safe and proper. Many deaths have been caused 
by the incomplete destruction or the irritation of dangerous types of 
nevi with acids, solid carbon dioxide, electrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them with electrodesiccation. 
They may, of course, be excised either with scalpel or with the cutting 
current. 


RADIODERMATITIS 

This term includes all cutaneous injuries caused by roentgen rays 
or radium. A description oi radiodermatitis is given in Chapter 4, 
\'olume III. Severe acute radiodermatitis may result in an ulcer which 
never heals. Such an ulcer is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
ulcers of this kind, by a plastic operation if necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they may be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

^ Permanent roentgen-ray and radium injuries should be occasionally 
inspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
without the development of lesions that are dangerous. On the other 
hand, keratoses may develop. These keratoses may or may not lead to 
cancer. They frequently do so. They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
done with electrodesiccation In our opinion, radium and roentgen rays 
^pntraindicated for this purpose. 

I’t that has been badly injured with roentgen rays or radium is 
iKely to ulcerate when irritated or traumatized. It may ulcerate spon- 
aneously. The ulcer may or may not heal. If it does not heal it is 
'eiy likely to end in cancer. 

3971 
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for verrucous nevi. Cancer rarely, if ever, develops on vascular nevi 
and lymphangiomas. 

Nevi of various types are exceedingly common. Almost every person 
has at least one mole of the common variety. It is by no means neces- 
sary or advisable to destroy all moles, but their inspection should be 
a part of periodic health examinations. Whether or not a nevus should 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized as safe and proper. Many deaths have been caused 
by the incomplete destruction or the irritation of dangerous types of 
nevi with acids, solid carbon dioxide, electrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them uith electrodesiccation. 
They may, of course, be excised cither with scalpel or with the cutting 
current. 


RADIODERMATITIS 

This term includes all cutaneous Injuries caused by roentgen rays 
or radium. A description of radlodermatitls is given in Chapter 4, 
Volume III. Severe acute radlodermatilis may result in an ulcer which 
never heals. Such an ulcer is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
ulcers of this kind, by a plastic operation if necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they may be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

Permanent roentgen-ray and radium injuries should be occasionally 
inspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
Without the development of lesions that are dangerous On the other 
hand, keratoses may develop. These keratoses may or may not lead to 
cancer. They frequently do so They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
done with electrodesiccation In our opinion, radium and roentgen rays 
‘^p^traindicated for this purpose. 

Ft 1 has been badly injured with roentgen rays or radium is 
ikely to ulcerate when irritated or traumatized. It may ulcerate spon- 
aneously. The ulcer may or may not heal. If it does not heal it is 
very likely to end in cancer. 
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Fig. 20 — Chronic ndioderinatitis with squamous-cell epithelioma. 


When skin of this type shows a tendency to ulcerate or to form 
frequent and numerous keratoses, it is advisable to remove it by ex- 
cision or by a plastic operation. If this is impossible, the keratoses 
should be destroyed and the patient kept under observation. 


SEBACEOUS CYSTS (STEATOMA; ATHEROMA; WEN) 

Ricker and Schwalb report 43 cases of sebaceous cyst in which 
cancer developed in the cyst wall. Caylor reported 12 similar cascs.^' 
WTien cancer occurs it is usually a squamous-cell epithelioma although 
basal-cell epitheliomas have been reported. Malignant change occurs 
more often when the cyst first undergoes ulceration. Sebaceous cysts 
are exceedingly common, and they are easily removed by excision. 




Fic 31— Sebaceous cjsl Fic 32— Same as Fig. 21. After excision. 


SYPHILIS 

Cancer is a frequent complication of interstitial glossitis, and smooth 
atrophy of the tongue of late syphilis. The same may be said of syph- 
ilitic leukoplakia. The management of leukoplakia has been already 
discussed. Little can be done for the other two conditions. The patient 
should be kept under observation and, of course, he should receive 
anlisyphiUtic therapy. Early cancer of the longue in these cases is 
frequently mistaken for gumma or other manifestation of syphilis, a 
mistake that can be avoided by microscopic examination, hlany der- 
matologists believe that the administration of arsenic increases the 
danger of cancer in cases of syphilitic glossitis, smooth atrophy and 
leukoplakia. We doubt the contention. 

Cancer may occur in scars left after the healing of destructive lesions 
of syphilis. Also, cancer has been reported in cases of gumma; but 
most of these reports were of tongue cases and it is probable that 
they were cases of squamous-cell epithelioma occurring in interstitial 
glossitis rather than in a gumma. 


ULCERS AND FISTULAS 

A few cases of squamous-cell epithelioma developing in long-stand- 
mg varicose ulcers of the leg have been reported. The incidence of 
malignancy is very small when one considers the frequency with 
which the so-called varicose ulcer occurs. In the literature one finds 
requent reports of metastatic cancer occurring in ulcers of various 
^es.^ decubitus ulcer, pellagrous ulcers, ulcerations in acrodermatitis 
chronica atrophicans and scleroderma, third degree burns and, of 
course, ulcers caused by roentgen rays and radium. ’ 
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Cancer following long-standing fistulas and sinuses caused by disease 
or injuries has been frequently reported. We recently saw a case of 
osteomyelitis, the result of an accident, which had failed to respond to 
the usual treatment. A. sinus formed, followed by squamous-cell 
epithelioma of relatively low-grade malignancy, necessitating amputa- 
tion of the leg. 
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VON Recklinghausen’s disease (multiple neurofibromatosis) 

Hosoi ” reports 65 cases 0/ this affection in U’hich sarcoma de- 
veloped. He states that sarcoma develoiw in 13 per cent of the cases of 
multiple neurofibromatosis. This figure seems high to us. We have seen 
many cases of multiple neurofibromatosis but we have not seen a 
single case of associated sarcoma. 

It may be that of all cases of von Recklinghausen’s disease in which 
tumors are excised, 13 per cent become sarcomatous after surgical 
interference. Hosoi reports one case in which sarcoma developed one 
year after the excision of a tumor. It has been observed by others 
that removal of a tumor by surgical excision may result in sarcoma. 
These sarcomas are not very malignant and seldom undergo metas- 
tasis, yet the prognosis is poor. Recurrence after repeated operations 
is the rule. If death does not result from metastasis, it follows opera- 
tive and postoperative complications. 

The course of von Recklinghausen’s disease is not modified by treat- 
ment of any kind. It would seem that surgical intervention were contra- 
indicated. 

XERODERMA PIGMENTOSUM 

This rather rare affection is thought to be due to congenital lack of 
resistance to sunlight. It begins early in life, there is a predilection 
for the exposed parts and it is incurable. The affection simulates 
^ronic radiodermatitis, sailors’ or farmers’ skin and senile skin. 
Pigmentation and atrophy are first noted. This is followed by kera- 
toses and epithelioma, usually of the basal-cell type. 

Very little can be done for these unfortunate children. Only those 
with a mild example of the affection reach adult life. These patients 
should be thoroughly protected from even indirect sunlight. Prefer- 
ably they should be exposed only to artificial light which contains 
few if any actinic rays. When in the open they ^ould ivear gloves, 
sleeves, dark-colored veils, etc. Keratoses, epitheliomas and ulcera- 
tions should be destroyed as soon as detected. This can be done, as a 
rule, with electrodesiccation. 


MISCELLANEOUS CONDITIONS 

The skin of elderly persons may show atrophy, permanent freckles 
and keratoses The condition is usually more pronounced on 
e face and hands, although it may occur on the trunk and, in fact, on 
niost any part of the body. It may occur in those who have never 
een exposed very much to actinic rays It resembles sailors’ skin and 
known, simply, as senile skin. Occasionally it begins between the 
without apparent reason. This has been called pre- 
tiaul: . keratoses occurring in such skin have the same poten- 

aiities as senile keratoses and are treated in the same manner. 
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Permanent freckles, with predilection for face, shoulders and backs 
of hands, may be a manifestation of senile skin or of farmers’ skin. 
They occur mostly after the age of 6o, although they are fairly com- 
mon at 40 and 50. Occasionally one of these pigmented macules may 
change to a keratosis and the latter may give rise to cancer. However, 




FiQ *s —Neurofibroma. 


Fic 26.— Same as Fig. 35 After eadsion. 



A 


Fig 27 — Neurofibroma Fic. 28 — Same as Fig 27 After excision 

^^PPens SO seldom, that it is not necessary to treat a permanent 
K a keratosis develops. 

sebaceous adenomas are pinhead-sized, umbilicated papules seen 
ost frequently on the forehead of middle-aged and old persons. The 
en*?b 1*^ that of normal skin. We think that we have seen 

fiat i develop in these lesions. The condition is to be differen- 

ed from adenoma sebaceum. 
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Lesions falling in the category of multiple benign cystic epithelioma 
— tricho-epithelioma; syringocystoma, etc. — occasionally change to a 
malignant neoplasm, usually basal-cell epithelioma. The same is true 
for certain endotheliomas. In fact, there are a large number of benign 
lesions such as fibroma, neurofibroma, fibroxanthoma, etc., that may, 
under certain conditions, give rise to cancer. However, none of these 
lesions is considered dangerous unless repeatedly irritated over a 
long period of time. Paraffinoma has been known to change to cancer. 
Cancer has been reported in cases of Darier’s disease (keratosis follic* 
ularis). Acanthosis nigricans in adults usually indicates cancer of the 
viscera. 
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Cutaneous Malignant Neoplasms 

General Therapeutic Considerations. — In the past, dermatologists 
and others treated cutaneous cancer with the method with which they 
were most familiar, regardless of type, size, depth and location of the 
lesion. Thus the surgeon always employed the scalpel, the roentgenol- 
ogist depended solely on roentgen rays, the radium specialist used 
only radium, the diathermy enthusiast insisted on the use of surgical 
diathermy and so on. The same statement is true today but to a lesser 
degree. Statistics show that excellent results may be obtained in 
properly selected cases with any of these methods when expertly 
applied. The results are not so good in unselected material. There is 
no best method for the treatment of unselected cases of cutaneous 
malignant neoplasms. Any one method or a combination of methods 
may be the best procedure for an individual case. The physician who 
has had extensive experience wdth all the recognized methods of treat- 
ing malignant neoplasms of the skin and orificial mucous membranes, 
and who is thoroughly acquainted with the clinical and histologic char- 
acteristics of such neoplasms and the conditions that may cause them, 
is in a position to employ discriminating judgment and to obtain the 
best results. Undoubtedly statistics will improve when every physician 
who attempts the management of cutaneous cancer possesses this com- 
prehensive ability. Here, too, there is need for more and better post- 
graduate instruction. 

The recognized methods of treating cutaneous malignant neoplasms 
are scalpel surgery, surgical diathermy, roentgen rays and radium. 

Roentgen Rays. — Roentgen rays are satisfactory for many basal- 
cell epitheliomas. Small superficial growths may be treated with un- 
filtered radiation. Moderate or heavy filtration is preferable for thick 
or deep-seated lesions. It seems that approximately the same results 
are obtained by large doses administered at intervals of two or more 
months or by smaller doses so spaced that an intense effect is obtained 
in a week or two (fractionation). It should be emphasized that when 
a lesion fails to respond favorably to treatment that should be ade- 
quate, the treatment should be discontinued. When containing squa- 
mous cells, when involving cartilage and other subcutaneous structures, 
and when composed of hard nodules, basal-cell epitheliomas are likely 
to resist roentgen rays. Many basal-cell epitheliomas will disappear with 
hardly a trace as a result of roentgen-ray therapy; but the cosmetic 
result is occasionally disappointing because of atrophy and telangiec- 
tasia subsequent to radiation, and scarring caused by the disease. 

Roentgen rays produced by very high voltage, and heavily filtered, 
are very usp^uI for selected cases of squamous-cell epithelioma and, 
also, for inopi-able cases. 
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Radium. — In general, what has been said relative to roentgen rays 
may be repeated for radium. Radium is the more preferable of the two 
agents for unselectcd cases of cutaneous squamous-cell epithelioma. 
It can be used in locations that are inaccessible to roentgen rays. 
There is better opportunity for cross-fire, radon implants may be used, 
there is greater penetration, and so on. For selected cases, assuming 
proper facilities and expertness, the results are probably approximately 
the same nith either agent. It may be interjected that the facilities 
and skill required for the modern roentgen-ray and radium treatment 
of squamous-cell epithelioma, even of the skin and orificial mucous 
membranes, are so exacting that they are found in comparatively few 
medical institutions and private offices. In the near future it may be 
possible to employ, in practical work, roentgen rays produced a 
million or more volts and filtered with hea\y metal of considerable 
thickness. Such radiation will compare favorably in penetrability with 
heavily filtered gamma rays. 

Surgical Diathermy. — The production nithin the tissue, by means 
of a high-frequency current, of an amount of heat sufficient for de- 
structive purposes, is known as surgical diathermy. Three forms of 
surgical diathermy are universally employed. They have been desig- 
nated electrocoagulation, cutting current and electrodesiccation. The 
first two depend on current obtained from various parts of the primary 
winding of the high-frequency transformer. Either of these currents 
may be bipolar or monopolar, damped or undamped. The current for 
elecirodesiccation is monopolar and it is obtained from the secondary 
Viinding of the high-frequency transformer. 

With electrodesiccation it is possible, by surface sparking, to de- 
hydrate or mummify a pinhead-sized superficial area, or a fairly ex- 
tensive superficial lesion. By multiple insertions of the active needle 
electrode, one may destroy rather large, thick lesions. The method is 
employed mostly for the destruction of small, superficial benign 
gro^\ths, potentially dangerous lesions such as leukoplakia, keratoses, 
etc., and small superficial epitheliomas of the basal-cell type. It is 
being abused by many physicians who employ it mistakingly for elec- 
trocoagulation and who use it without any form of anesthesia. 

The current for electrodesiccation has an exceedingly high voltage 
and a comparatively low milliamperage. That for electrocoagulation 
has a lower voltage but a higher milliamperage. The cutting current 
”^^still lower voltage and higher milliamperage. 

The electrocoagulating current, when used as a surface spark, de- 
hydrates to some extent, but (he principal effect is that of rather 
wdespread coagulation of tissue, especially when the active needle 
electrode is inserted into the tissue as is usually done. The gross change 
jnay be no more than a blanching or whitening of the tissue which 
ater sloughs. Electrocoagulation seals the blood vessels and lymphatic 
mostly for the destruction of malignant neoplasms. 
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It is customary first to establish a Hne of deep coagulation beyond the 
periphery of the lesion; the entire lesion is then coagulated and re- 
moved with the cutting current, scalpel or curet, after which the 
wound may be electrodesiccated or superficially electrocoagulated. 
Coagulation can be performed with the bipolar current, using either a 
single or bipolar active needle electrode or with monopolar current 
from the same source. 

The cutting current cuts like a knife and causes enough coagulation 
to seal the small blood vessels and l 3 nnphatic channels. Theoretically 
at least, there is less chance of metastasis during the application of 
surgical diathermy than with the scalpel or curet. Excision wth the 
cutting current is comparatively bloodless. It is possible to obtain 
primary union, especially if the edges of the wound are freshened with 
the scalpel or scissors. 

Surgical diathermy can be employed satisfactorily when scalpel 
surgery would be difficult or impossible. When using high-frequency 
currents for destructive purposes, one is likely to think in terms of 
physical therapy rather than in terms of surgery, which may lead to 
careless technic from a surgical standpoint. Surgical diathermy is 
surgery, and to it should be applied the principles of general surgery. 
’Good resultS'tnay *be obtained by the use of the actual cautery. 

She^ell Method. — There is another therapeutic method occasion- 
ally •u'ad' By'dermatologists for selected cases of cutaneous cancer 
which max-be, placed among the conventional methods. We refer to 
the .Sherwell fiiethod. It consists of the removal of as much of the 
riedplaitic tissue as is possible with curet, scalpel, scissors, and high- 
frequency current, after which acid nitrate of mercury is applied for 
at least five minute. The wound is then covered with a thick l^y^J 
bicarbonate of soda, over which is placed a dry dressing. Instead of 
acid nitrate of mercury, Morrow and Taussig*'* employ chemically 
pure ted crystals of chromic acid, while Angle and others use a 
saturated aqueous solution of zinc chloride. 

Contraindicated Treatment. — ^Some physicians advocate the use 
of physical therapy agents for the treatment of cutaneous cancer that 
have been given a fair trial by dermatologists who find that they are 
unsuitable for the purpose. Among these agents are solid carbon 
dioxide, electrolysis and ultraviolet radiation. 

Biopsies. — When possible it is advisable to make a microscopic 
e.xamination before instituting treatment. This is the only way m 
which a definite diagnosis can be made. Also it is the only way m 
which the grade of malignancy can be accurately determined. When 
the lesion is small and suitably situated, the biopsy might well con- 
sist of complete excision ndth the scalpel. Examination of serial sec- 
tions provides invaluable information relative to invasiveness, metas- 
tasis, and con'i lete or incomplete removal, In addition to determining 
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the grade of malignancy based on cytology, tissue reaction and other 
features. 

Many physicians aver that a biopsy made with scalpel or biopsy 
punch is dangerous; that such procedure favors dissemination of the 
malignant cells. They prefer to remove the piece of tissue with the 
cutting current. It is now the consensus of opinion of those who have 
had extensive experience that a biopsy made with scalpel or biopsy 
punch is not dangerous when properly performed. The instruments 
must be sharp and the lesion must not be squeezed, massaged or 
unduly manipulated. The cutting current, unless the excision is very 
wide, is likely to interfere seriously with the microscopic study be- 
cause of coagulation of cells. 

Classification op Cutaneous Malignant Neoplasms 

There is, as yet, no universally accepted classification for malignant 
neoplasms of the skin and orificial mucous membranes. In this chapter 
the following conditions will be discussed: 

1. Basal-cell epithelioma 

2. Basal-squamous-ccll epithelioma 

3. Squamous-ccU epithelioma 

4. Transitional-cell epidermoid carcinoma 

5 . Paget's disease 

6 . Bowen's disease 

7. Melanomas 

8 . Sarcomas 

BASAL-CELL EPITHELIOMA 

The term basaUcell epithelioma includes names such as Jacob’s 
nicer, cancroid, rodent ulcer and benign skin carcinoma, all of which 
ate now obsolete. 

Krompecher,^® in ipo2. was the first investigator to separate basal- 
ceff epithelioma from other epithelial cancers. His W’ork has done a 
great deal to clarify our knowledge of the malignant cutaneous new 
growths. 

The basal-cell epithelioma is relatively benign and causes death only 
by hemorrhage, involvement of important parts such as the articula- 
iions and orbit, or when complicated by septic infection. The affection 
rarely involves the mucous membranes primarily, although secon- 
involvement of these structures is common. In other words, basal- 
epithelioma practically always be^ns in the skin. Metastasis is 
rare in basal-cell epithelioma of pure type. The prognosis both for 
I e and for permanent cure is excellent but must be guarded when 
lesions. It is not nec^saty to treat every basal- 
^ ’ epithelioma. They should be treated when occurring in patients 
verv ^\a superficial lesions in old and 

Old persons, especially when multiple, may be let alone and kept 
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under observation. Evolution is likely to be so slow that the lesion will 
not become serious during the patient’s remaining years. Ulcerated 
lesions, deep lesions, and lesions that have involved or threaten to 
involve important structures should, of course, be destroyed, regard- 
less of age. Lesions that are in skin that is thin — nose, forehead, eye- 
lids, ears, etc. — should be watched carefully or destroyed, otherwise 
underlying important structures may become involved. 

The neoplasm originates from the basal-cell layer of the epidermis 
— most likely from cells that were predestined to form cutaneous 
appendages. It also arises from the basal-cell layer of the epithelium 
of the cutaneous appendages — sebaceous glands and ducts, and sweat 
glands and ducts, especially from the sebaceous glands. 


Fic 34 — Flat type of basal-eell epithehoma 

Under the microscope the lesion consists of basal cells that fail to 
develop into squamous or prickle cells; therefore, there is no kera- 
linizalion; no whorls. As a rule, there is considerable tissue reaction 
around the neoplasm. 

Clinically, the affection varies considerably in appearance due both 
to clinical type and stage of evolution. Usually the evolution is ex- 
ceedingly slow — very slow extension over a period of many months, 
usually many years. The affection Is most common during or after 
middle life. It is quite common in the third and fourth decades and 
occurs occasionally during late adolescence. The sites of predilection 
are the face and trunk, although it may occur on almost any pnrt of 
the body surface. Males are affected more frequently than arc females. 
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Hazen ° classifies basal-cell epithelioma into seven clinical types: 

1. Flat type 

2. Nodular 

3. Ulcer with rolled edge 

4. Lesion resembling a depressed scar 

5. Morphea-like epithelioma 

6. Fungating tumors 

7. Deep type 



35 — Multiple basal-cell epithelioma of the flat type — multiple epitheliomatosis cutls. 


Flat Type. — The flat type consists usually of a broAvn-colored 
macule with a delicate rolled edge The edge is slightly elevated, 
somewhat translucent. In color and appearance the edge 
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suggests mother-of-pearl. They range in swe from the head of a pin 
to split-pea, silver quarter, fifty-cent piece, silver dollar and larger. 
The bulk of the lesion may be flat (macular), slightly elevated, 
smooth, scaly or crusted. It may be studded with pearly nodules and 
it may ulcerate. As a rule the lesion is dry, but it may be exudative. 
The lesion spreads very slowly by peripheral extension. The center 
may cicatrize. The lesions very often are multiple; frequently there 
are many lesions. 

This type of basal-cell epithelioma is also known as multiple epithe- 
liomatosis cutis, and serpiginous cicatrizing epithelioma. At times it 
resembles the so-called Bowen’s precancerous dermatosis, extramam- 
mary Paget’s disease, keratosis seborrheica, psoriasis, syphilis, tuber- 
culosis, etc. As a rule the clinical diagnosis is easily made. Occasionally 
a biopsy is necessary. If so, it is essentia! that tissue from the 
be examined rather than tissue from the center of the lesion. The 
flat type is very superficial and usually remains so for many 
Eventually it may become nodular or ulcerative and may invade the 
subcutaneous tissues. 



Fic 36 — Basal-cell epithelioma — 2 pinhead- 
sized nodule at right inner canthus. 


Fjc 


Basal-cell epithelioma— a single 
nodule with beginning ulceration. 


Nodular Type. — ^Nodular lesions vary in size from pinhead to p 
pea, dime, silver quarter and much larger. The lesion may 
single small nodule, a single larger nodule or a closely crowded gr p 
of small nodules. The nodules are hard, shiny, semitranslucent, e 
vated and usually pearl-white or waxy in color. They are called mo 
of-pearl or xy nodules. There is usually some telangiectasia, 
lesion max nain nodular for years or it may 
The nodi' t>'pe is at times confused with nodular 
vulgaris and other affections. The clinical diagnosis is easily made 
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cicatrizing type. There may or may not be ulceration, nodules and a 
delicate rolled edge. Often the clinical diagnosis is difficult. Even the 
microscopic diagnosis may be difficult unless the area for biopsy is 
selected with care. 

Morphea-Like Type. — In this variety the lesions are flat, some- 
what round in contour and sharply marginated. The area may be 
atrophic and slightly depressed, or slightly thickened and elevated. 
The color is yellowish or pinkish-yellow and there is usually some 
telangiectasia. Sooner or later ulceration occurs. It is an uncommon 
type of basal-cell epithelioma. 

Fungating Type. — In this variety the lesion, which may be of 
almost any size, usually is an ulcer covered with a vegetating or 
fungoid mass, and associated with a foul-smelling exudate. Waxy 



Fic 41. — Deep type of basal'Cell epithelioma. 

nodules may appear at the periphery or in various parts of the lesion. 
Occasionally, this type may be papillomatous, giving rise to a cauU- 
flower-like tumor; or it may be verrucous. It may be mistaken or 
squamous-cell epithelioma, tuberculosis, syphilis, blastomycosis, bromo- 
derma, iododerma and other afl'ections. 

Deep Type. — This form may originate from any of the other 
or it may develop independently. In the latter case, when first detected, 
it consists of a small nodule deep in the skin or in the subcutaneous 
tissue. The surfact is usually red, perhaps atrophic and telangiectatic. 
The nodule incr ?.»es in size, spreading laterally and downward, in- 
volving the deei>er tissues. Eventually there is ulceration surrounded 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basabcell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel Surgery. — A lesion that does not involve cartilage or peri- 
osteum, that is suitably situated and'that is not too large, may be 




Fic. 44 — BasaLcell epithelioma of chin. 


Fio. 45.— Same as Fig 44 After scalpe 
excision. 


e.xcised with the scalpel and primary union obtained. If the skin hea 
normally and the surgical technic is proper, the ultimate scar ® 
conspicuous than that following electrocoagulation or electrodesicta- 
tion, unless the lesion is exceedingly superficial, in which case met 0 
other than surgical excision are indicated. Excision with the swipe* nas, 
of course, limitations, but it has the advantage of permitting 
sections of the entire lesion. In this w’ay one confirms or refutes ine 
diagnosis n*,'! ascertains whether or not the entire neoplasm has been 
removed 1 ' :hcre is doubt about complete removal, a larger excision 
may be 1 ..'de or roentgen rays or radium may be applied. ScaJpe 
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ery is especially efficacious for the deep t 3 rpe consisting of a small 
lie in the skin or subcutaneous tissue. 

here are many cases in which an extensive neoplasm has involved 
jrtant organs such as the nose, ear, eye, etc. The majority of such 
ms have been previously treated with roentgen rays or radium or 
ical diathermy or with all three methods. In such instances the 
results are usually obtained by removing or destroying all neo- 
tic tissue by means of conventional surgery or with surgical dia- 
my, after which the deformity is corrected, as much as possible, 
1 plastic surgery. 


AusTics. — Superficial lesions, such as the flat type, may be cured 
first thoroughly curetting, under local anesthesia, then applying 



46 Deep type of basal*celt epithe- Fic. 47.— Same as 46^ AtUr sur^cil 
Loma of nose. diathermy. 


c chloride, acid nitrate of mercury or, when very superficial, even 
•hloracetic acid. The Sherwell method is used, as a rule, for deep 
^bat have involved important structures and in which other 
mods have failed. The results are excellent when the cases are 
‘Perly selected. 

^UPGICAL Diathermy. — This is a popular method among derma- 
3gists. Very superficial lesions are dehydrated by electrodesiccation, 
noved with the curet and the wound is again electrodesiccated. It is 
portant to extend the destruction of tissue for at least a quarter of 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basal -cell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel SuncERy. — A lesion that does not involve cartilage or peri- 
osteum, that is suitably situated and' that is not too large, may be 




Fic 44 — Basal-cell cplthehoroa of cbm. Fic. 45 — Same as Fis. 44 - After scalpt 

excision. 

excised with the scalpel and primary union obtained.^ If the skin beds 
normally and the surgical technic is proper, the ultimate 
conspicuous than that following electrocoagulation or electrodesi 
tion, unless the lesion is exceedingly superficial, in which case met o 
other than surgical excision are indicated. Excision with the scalpri » 
of course, limitations, but it has the advantage of permitting , 
sections of the entire lesion. In this way one confirms or 
diagnosis and ascertains whether or not the entire neoplasm has pc 
removed. If there is doubt about complete removal, a larger 
may be made or roentgen rays or radium may be applied. Sea pc 
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Roentgen rays and radium arc very likely to fail when cartilage 
and periosteum are involved. 

The majority of operators favor the administration of large doses 
at intervals of one or two months — from one to six or eight times the 
erythema dose, depending on size of lesion, age of patient, location 
of lesion, thickness of filter, etc. Unfiltered radiation is used for super- 
ficial lesions, while moderately heavy and heavy filtration are em- 
ployed for thick, deep-seated lesions. 

Some operators favor dividing the total dose for one month, admin- 
istering a fraction of the total dose every few days. This has been re- 
ferred to as the modified Coutard technic. It is claimed that by so 



48*— Ulcerated nodular basal- Fic. 49 — Same as F13 48 After two intensive 

f'll epithelioma of left inner canthus. doses of roentgen rays 


doing a larger total dose can be given without undue reaction, which 
IS probably true, and that there is a better chance of catching cells in 
me act of dividing, at which time they are more "radiosensitive.” 
However, there is no convincing evidence that this method gives results 
that are superior to large doses given once every month or two. When 
using a copper filter with very high voltage roentgen rays, it may be 
necessary, for technical reasons, to give a fraction of the total dose 
^'’^^day or two until the treatment is completed. 

'^en a basal-cell epithelioma fails to disappear as a result of two 
lurge doses of roentgen rays, or when it recurs more than once 
ollowing roentgen-ray treatment, it is advisable to resort to some other 
herapeutic method. Normal skin, except that in the immediate vicinity 
u the lesion, should be adequately protected. Roentgen rays should 
applied to the eyelid without proper protection for the eye- 
■^he eye may be desensitized with a few drops of one or two per 
is ”?l°^aine solution. Then a brass-aluminum or lead glass eye shield 
^erilized, dipped in sterile olive oil and slipped under the eyelids, 
uverdosage should be avoided. A third-degree roentgen-ray reaction 

3J7t 
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an inch beyond the macroscopic edge of the lesion. It is equally im- 
portant to carry the destruction downward into normal tissue. A recur- 
rence at the edge of a scar is soon detected. A recurrence or continua- 
tion under a scar is likely to do considerable damage before it is 
recognized. Many dermatologists also administer a single dose of 
unfiltered roentgen rays consisting of from one to three or four skin 
units — from about 300 to 1200 r, or the equivalent dose of gamma 
rays of radium. 

Lesions that are large, thick and deep are usually thoroughly electro- 
coagulated. The coagulated tissue is removed and the wound is again 
electrocoagulated. This may be accomplished under general or local 
anesthesia. Many physiciansprefertofinish thetreatment with a hyper- 
intensive dose of filtered roentgen rays — from two to eight skin units 
(140 Kv., 3 mm. Al, 1100 to 4400 r), depending on size of lesion and 
age of patient, or filtered gamma rays of radium in equivalent dosage. 

A lesion may, of course, be excised with the cutting current, fol- 
lowed either by primary union or healing by granulation tissue. _ 

Scars following the destruction or removal of a basal-cell epithelioma 
with surgical diathermy are likely to be disfiguring, especially when 
the lesion occupies the entire thickness of the derma or has invaded 
tissue under the skin. Very often they are hyperplastic or keloidal. 
Very superficial lesions may be destroyed with very little scarring. 

There is no way of knowing, when coagulation is used, whether or not 
all the neoplastic cells have b^een destroyed. On a number of occasions 
we have excised a scar left by such treatment and have found neoplastic 
cells in the scar tissue. It is possible that some malignant cells escape 
destruction in many cases that are permanently cured, but becaup they 
are entirely surrounded by dense scar tissue, they either remain dor- 
mant or perhaps eventually die. In any event, it is possible to obtain at 
least 85 per cent permanent cures in unselected cases of basal-cell epi- 
thelioma with this method. Many superficial lesions, especially the 
early ones, may be destroyed by the actual cautery. 

Roentgen Rays. — It is possible to cure at least 85 per cent of 
unselected basal-cell epitheliomas with roentgen rays. The percentage 
of cures in selected cases is, of course, higher. Hazen and Whitmore 
reported a series of 200 unselecfed cases with 86 per cent permanent 
cures. They obtained 93 per cent cures in selected cases. MacKee, 
in a series of 400 cases, obtained 87 per cent cures in unselected cases 
and Qt per cent in selected cases. Some authors report a much higher 
percentage of cures, 100 per cent, in fact, while others obtained only 
60 or 70 per cent. It is doubtful if it is possible to obtain 100 per cent 
cures in a large series of unselected cj^es of basal-cell epithelioma with 
either roentgen rays or radium. It may be possible to approach this 
figure uith thoroughly modern roentgen-ray or radium treatmenh 
when the casw are selected and when In each case the diagnosis is 
made micro' 'opically. 
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BASAL-SQUAMOUS-CELL EPITHELIOMA 

It has long been known that 12 or 15 per cent of basal-cell epi- 
theliomas contain squamous or prickle cells. Curiously, it is just about 
this percentage of cases that have proved unusually stubborn. Hamil- 
ton jlontgomery found this type of epithelioma in 12.6 per cent 
of a series of 119 cases of skin carcinoma, most of which, clinically, 
were of the basal-cell type. It is difficult, if not impossible, clinically 
to differentiate between a pure basal-cell epithelioma and one of the 
basal-squamous-cell type, especially in the early stages of evolution. 
Histologically, one portion of a section may show only basal cells 
while another portion may show the characteristics of a squamous-cell 
growth. Quoting Jlontgomery: “They represent a metamorphosis of 
basal-cell epithelioma to squamous-cell epithelioma and are not de- 
generate forms of the latter.” It is necessary to study carefully the 
entire section, sometimes several or many sections, otherwise the true 
nature of the lesion may be overlooked. This type of epithelioma be- 
gins, looks and it may behave like a pure basal-cell ypithelioma, but 
often it behaves like a squamous-cell growth. That is, it may prove 
recalcitrant and it may cause death. In the past there have been a few 
reports of metastasis occurring In cases of basal-cell epithelioma. It is 
not improbable that these lesions were of the basal-squamous-cell type. 

The treatment should be the same as that recommended for 



S Basal-squamous-cell epithelioma Fic 51 — Same as F«c so After remo\’al 
with cutting current followed by roentgen- 
ray treatment 


SQUAMOUS-CEIX EPITHELIOMA 

sqiiamoits-ccll epithelioma (prickle-cell epithelioma) sig- 
397f ^ growth originating from cells of the epidermis above 
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is likely to be more troublesome and more serious than is the usual 
basal-cell epithelioma. Very often a basal-cell epithelioma, when 
treated with roentgen rays, will disappear with only a slight cutaneous 
defect. Not infrequently, however, there is a scar, atrophy or telangi- 
ectasia. In other words, while the chance for a good cosmetic result is 
excellent, the result in this respect may not be satisfactory. Of course, 
the cosmetic result depends on a number of factors — size of dose, 
location, age, sex, idiosyncrasy, character of the lesion, etc. 

Radium, — ^In general, what has been stated about roentgen rays In 
the preceding section pertains, also, to radium. Assuming technical 
skill, proper equipment, and judgment in selection of cases, future 
statistics will be probably approximately the same for both agents. 

In certain locations better results can be often obtained with radium 
than with roentgen rays~lesions on the edge of the eyelid, lesions in- 
cluding the nasal or buccal mucous membranes, a lesion in the external 
auditory canal, etc. A tubular applicator may be placed in the external 
auditory canal. A cast or mold of the mouth can be^ made in which 
screened radium or radon is embedded in proper position. The mold is 
held in the mouth during treatment. 

Very superficial lesions may be treated with a half-strength radium 
element applicator screened with o.i mm. AI. The applicator is held in 
contact with the lesion for one or two hours. Such treatment ^ves 
an intense beta-ray effect. Deeper lesions should be treated with gamma 
rays. The same applicator is screened with 2 mm. of brass and 1 mm. 
Al. This is held in contact with the lesion for from eight to twenty-four 
hours. If so desired the time factor may be divided so that an applica- 
tion of from two to four hours is given daily. 

Lesions that are very deep, thick or indurated are usually treated 
with radon. Radon tubes may be screened with 0.5 mm. Ag, r 
brass and i mm. Al. Such a tube containing 100 me. radon is placed 
at a distance of 2 cm. from the lesion and held in place with adh^ive 
for a period of from 2 to 6 hours. Such treatment may be repealed in 
two weeks or a month". In selected cases implants or seeds each con- 
taining I to 2 me. of radon are embedded i cm. apart throughout the 
tumor mass. These seeds are not removable. Removable platinum 
radium needles may be used. Needles, each containing i or 2 mg. 
radium, are placed i cm. apart in the mass. These are sutured in place 
for from 96 to 144 hours. 

Grenz Rays. — The very long roentgen-ray wavelengths known as 
grenz rays have been used to some extent for the treatment of basal- 
cell epithelioma. The number of cases treated is too small and the 
length of time since treatment is too short for a fair evaluation ot 
the method. It is probable that they will be of little real value for this 
purpose. They have been used with apparent success for the treatmyt 
of very superficial basal-cell epithelioma, epecially of the upper eyelids. 
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the basal-cell layer, or from similar cells in the epithelial layer of the 
cutaneous appendages. Under the microscope, in addition to finger-like 
dowTi-gro^vths of the epidermis, it is seen that some of the cells become 
more or less keratinized, thus forming the characteristic whorls or 
pearl-like bodies. Tissue reaction is not so marked as in basal-cell 
epithelioma. 

Occurrence. — Squamous-cell epithelioma occurs about half as fre- 
quently as does basal-cell epithelioma. They develop most frequently 
in the mucous membranes of the lip and mouth. They arc seen less 
frequently on the penis, vulva, eyelids and nose. When occurring in 



Fic S4 — Squamous-cell epithelioma of rim of right ear Note senile keratoses on face 


the skin, the most common locations are the scalp, dorsal surfaces of 
the hands, and the ear. Probably in the majority of cases the malig- 
nant growth is preceded by one of the so-called precancerous condi- 
tions, especially senile keratosis and leukoplakia. The majority of 
patients are over 35 years of age. Carcinoma of the tongue is relatively 
uncommon in women. Statistics show that the affection is about three 
times more common in males than in females. 

a Characteristics. — The lesion may begin as an ulcer or as 

si ^ “ f ■ Ulcers are usually indurated. Nodules continue to grow in 
ze to form a tumor which may be hard or soft, and which as a rule 




Fzc $ 1 . — Basal-squaraous-cett epithelioma. Origuiafly diaf;nosed *s tubettulosis and 
ring finger amputated. Epithelioma is present in the scar. There fa an cpithejienja on the 
flexor sutfate of forearm. Epithelioma dewloped in the axiibry glands, and the arm ^as 
amputated. Case Kported by Keniy D. Niles (Metastasis of a basal ccii epithelioma, 
Am. J. Cancer, Vol. 15, July, 
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and perhaps even a day may mean the difference between life and 
death. 

As a rule, metastasis occurs in the regional lymphatics, but not in- 
frequently the first evidence of metastasis consists of a tumor of the 
bones or some organ. 

Occasionally, carcinoma attacks the skin secondarily from a focus 
in some other organ. An example of such secondary invasion is cancer 
tn cuxrassc. 

Prognosis. — Squamous-cell epithelioma is a very serious affection 
and even in favorable cases the prognosis must be guarded. It is of the 
utmost importance to detect the lesion, establish a microscopic 
diagnosis and completely remove or destroy the lesion while it is still 
local. Of course, there is no way of knowing how early metastasis 



Fic. s6. — Squamous-ccll cpithehoma of left ring finger. 


may occur, but when the lesion, as revealed by the microscope, shows 
an intact basal-cell lining, no fmger-Iike processes and no invasiveness, 
it is probable that metastasis has not yet occurred. 

^ Sased on cytology, squamous-cell epitheliomas are of four recog- 
nized grades of malignancy. Clinical dermatologists recognize several 
grades of malignancy based on clinical features. As we have seen, 
^hen the lesion develops in sclerotic tissue, as in lupus, interstitial 
possitis, scars, “x-ray skin” and in some keratoses and some cases of 
If^i'Oplakia and kraurosis, evolution is likely to be slow and metastasis 
delayed. Epithelioma developing in an apparently normal tongue is apt 
to be rapidly invasive. On the whole, the evolution of squamous-cell 
epithelioma of the apparently normal skin is not particularly rapid, 
ot occasionally a lesion will appear suddenly in apparently normal 
^in or membrane, invasion of neighboring tissue being rapid and 
etastasis occurring very early. 
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epithelioma 

rucous vegetating or papiEon,^^ '"frequently the lesion is v™’ 
lesion Occasionally there “1^01 m'en™'" ^ut a single 
or similar tissue, and when of ? occurring in scar tissue 

nancy, the growth may be s?ow of malig’ 

however, evolution is rapid and ^"astnsu'* "''' " '"h. 

The lesion is always 9 hn^t?, occurs early, 

disease invades practically usually indurated The 

Periostenm, 
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hasal-cell epithelioma an^d^a'nnmh'*'^*/'^ syphilis, tuberculosis, 
gist can usually make a faiVW conditions. A dermatolo- 

proper way to avoid diaano<!fi^ curate clinical differentiation, but the 
fi.V happens in ^es nf examination, 

that the physician will wasi*. v <ancer in a syphilitic patient, 

Pcutic lest; that is, he \wn ® the so-called thera- 

ment over a period of several intensive antisyphilitic treat- 

to rnake a microscopic examimt;^”**’*/ advisable 

mind that squamous-cell enithpli ” ®uce. It is important to keep in 
epithelioma is so serious that a month, a week 
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these cells would have to differentiate slightly before they reached a 
stale that compared favorably with the normal basal cells. 

Melanocarcinoma arises from cells which have undergone marked 
dedifferenliation. These cells would have to differentiate to a great 
extent before they reached a biologic state of development comparable 
to that of normal cells. 

Since cellular differentiation plays such an important part in the 
grading of malignancies, it is important for the microscopist to be 
familiar with any deviation of the cellular structure from the normal. 

In the grading of malignant neoplasms, the proportion of cells that 
are differentiated is compared to those cells which are undifferentiated. 
The results are expressed thus: 

Grade i Carcinoma: The proportion of differentiated cells ranges 
from almost loo down to 75 per cent; that of the undifferentiated cells, 
from practically o up to 25 per cent. 

Grade 2 Carcinoma: The proportion of differentiated cells ranges 
from 75 down to 50 per cent; that of undifferentiated cells, from 25 
up to 50 per cent. 

Grade 3 Carcinoma: The proportion of differentiated cells ranges 
from 50 down to 25 per cent; that of undifferentiated cells, from 50 up 
to 75 per cent. 

Grade 4 Carcinoma: The proportion of differentiated cells is from 
25 per cent to practically o; that of undifferentiated cells, from 75 
to 100 per cent. 

For a more detailed explanation on the grading of malignancies, the 
reader U referred to Broders’ articles on the subject. 

Treatment. — For lesions that are microscopically diagnosed before 
they become invasive and probably before metastasis has occurred, 
excision with scalpel or the cutting current would seem to be the 
niethod of election. When we encounter a small lesion that we think 
IS or might be epithelioma of the squamous-cell type we excise it \Yith 
a scalpel. If it cannot be excised in this manner it is done with the 
cutting current. Naturally, the excision is \vide and deep. A careful 
histologic study is then made to establish diagnosis, to determine the 
grade of malignancy, to ascertain the degree of invasiveness if any, 
and the probability of metastasis already having occurred and, finally, 
to determine whether or not all malignant tissue has been removed, 
subsequent treatment depends, naturally, on the result of the examina- 
tion. \Vhen there is no or very little invasion and the malignant cells 
are well within the excision, no additional treatment is given, but the 
patient remains under observation. "NMien in doubt, roentgen rays or 
radium is employed. 

Advanced cases may be treated with roentgen rays or radium, 
^th surgical diathermy or scalpel surgery, or with a combination of 
these methods, according to location, extent of involvement, grade of 



54 [volume u Cutaneous Malignant Neoplasms 

Broders’ classification explains the difference in the malignancy 
of the same type of carcinoma in different situations. The grading of 
malignancies is based upon cellular differentiation. A dedifferentiated 
cell is one in which the functioning quality is decreased or absent and 
the reproductive or proliferative quality is increased. The basal-cell 
type of carcinoma shows that dedifferentiation is slight; therefore, 
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mucous membrane. The second stage includes more extensive lesions 
with infiltration of the subcutaneous structures but not affecting the 
lymphatics. The third stage includes those cases having lymph gland 
involvement. All these cases were treated with roentgen rays alone. 

One hundred and eight patients were in the first and second stages. 
Four of these showed glandular metastasis at a later date and died. 
Eleven of the cases were in group three and all died. Roentgenotherapy 



Fic 65— Verrucous squamous-cell eptlhelioma of loner lip invoUnns leJt commissure 
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Fic 66 — Squamous-cell e(»theIioma of tongue of a woman. 
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nialignancy, etc. In this country excellent results have been obtained 
in cases of advanced carcinoma of skin and orificial mucous membranes 
by Clark, Pfahler,"* Quick,— Wood, Regaud and others wth com- 



Fic 63 —Squamous-cell cpithdioma of Fic 64.— Same as Fig 63. After removal 
lower lip v,-,th cutting current. 


binalions of roentgen rays, radium, surgical diathermy and scalpel 
surger>‘. 

In a recent article, Martin reports on 119 cases of squamous-cell 
epithelioma of the mouth and lips. These he classifies in three clinical 
stages. In the first stage are those cases involving only the skin and 
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Quick reports 2,741 cases treated over a period of 10 years from 
1917 to 1927. T^Yenty-one per cent are kno^vn to be clinically free 
from gross evidence of disease; ii.8 per cent of the entire group have 
been free from clinical evidence of disease for periods of three to ten 
years. 

In this period of ten years, 473 tongue cases were treated; los-are 
free from clinical evidence of disease, 53 being beyond the three-year 
period and 32 beyond the five-year period. 

Regaud treated 344 cases of cancer of the tongue and floor of the 
mouth at the Radium Institute in Paris during a period of six years 
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(1920-1926). Eighty-two of these, or 23.8 per cent, were completely 
cured The method used was the implantation of radon in removable 
P^^^l^'iu^-iridium needles — the so-called radium puncture. If the glands 
m the neck were involved and proved to be carcinomatous histolog- 
ically, then a block dissection was resorted to ^^^th the application 
of a radium pack at a distance of 5 to 8 cm. from the skin surface. 
Regaud is of the opinion that distance radiation with a radium pack 
or a w’ax mold will supplant the radium puncture method in the treat- 
juent of primary carcinomas. By using this method in the treatment of 
srcinoma of the lip he reports the following results: 

A. Operable Cases: 98 per cent cures of the primary localization; 
92 per cent cures of cases with cancerous adenopathy (operable 
cases with glands). 
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failed to cure all the cases having glandular involvement whether or not 
they were clinically present. 

The treatment is directed toward complete destruction of the local 
lesion and irradiation of the glands draining the involved area. Com* 
plete destruction may be accomplished by surgery, high-frequency 
currents, or by radium or roentgen rays. 

It can be said that there is no method of choice for the treatment 
of prickle-cell carcinoma. Frequently, the best treatment is a combina* 
tion treatment of surgical removal and application of roentgen rays 
or gamma rays of radium. For more detailed statistics and methods of 
treating cutaneous malignancies, see textbook by MacKee and mon- 
ograph by MacKee and Cipollaro.®** 

When carcinoma of the lip or mouth has invaded the cervical glands, 
Quick treats the neck from both sides with heavily filtered radiation 



Fic. 67. — Squamous-cell epithelioma of Fic 68 — Same as Fie 67. After removal 
tongue cutting current. 


of maximum intensity consistent with tissue tolerance. Radium is pre- 
ferred to roentgen rays; but if sufficient radium element or 
not available, then heavily filtered high voltage roentgen rays should 
be used, for it is better to give “a good dose of roentgen rays than a 
poor dose of radium.” If only one node is involved and the carcinoma 
has not invaded the capsule, that node is removed surgically. If after 
irradiation there is a palpable node, then a unilateral block dissection is 
indicated. After dissection, filtered radon seeds are placed in suspicious 
places before the wound is closed. If the involvement is so extensive m 
the glands that the case is inoperable, then filtered radon seeds are 
placed throughout the cancer-bearing area. For all practical purposes »t 
can be said that when cancer involves the glands on both sides 01 the 
neck, the case is inoperable and hopeless. Heavily filtered roentgen- 
ray therapy may be used palliatively. 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly growing forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewing, these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary lesion is usually very small, and metastasis is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed. If the microscopic examination shows a transi* 
tional-cell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after its removal with 
surgical diathermy. Metastatic glands are treated \vith heavily filtered 
roentgen rays or radium. 


facet’s disease 

Darier,*® Pautrier,® Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
while there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra-epidermal portion 
of the mammary duct; also, that Paget’s disease is cancer from the 
very beginning. The distinctive microscopic picture includes the so- 
called Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
cases occur in women. It is an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Evolution is slow, but sooner or later there is evident carcinoma of 
the breast with metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
of a sharply marginated eczema surrounding the nipple. The eruption, 
however, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
location, age of the patient, sex, sharp margin, persistent erosions, 
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B. Cases of doubtful operability including those with glandular 
metastasis, 72 per cent cures. 

C. Inoperable Cases; 17.8 per cent cures of the primary localiza- 
tion considered by itself; 14.2 per cent cures of both primary 
and metastatic lesions. 

Carcinoma of the penis is always of the squamous-cell type. It is 
found to be more prevalent among those who have not been circum- 
cised in childhood. A tight prepuce is considered by some to be an 
important etiologic agent. Of all cancers in the male, 1 to 3 per cent 
are those of the penis. WTien these lesions are treated early, they 
respond well to roentgen rays and radium. The vast majority, how- 
ever, do not seek expert advice until after the disease is quite advanced 
with involvement of the deep tissues and inguinal glands. 

Pfahler and 'Widmann report nine cures of ten cases treated. 
Their method consisted, in the majority of cases, of amputation of 
the penis by surgical diathermy and the application of roentgen rays 
to the inguinal glands. In some cases, amputation was preceded by 
irradiation. These results excel those obtained by surgery alone. 

Some cancer experts prefer to administer a large dose of roentgen 
rays or radium to a tumor before the lesion is removed or destroyed 
with scalpel surgery or surgical diathermy, especially when there is 
no evidence of metastasis. The rationale of such procedure is that any 
cells that remain in situ or that may enter the blood stream or 
lymphatic channels have received a dose of radiation that may prove 
lethal or that ^vill at least be inhibitory. The idea is a good one, but 
there are no convincing statistics in support of the method. 

The dose either of roentgen raj^ or of radium must, of course, be 
decided and administered by an expert. Experience has demonstrated 
the fallacy of producing extensive third degree reactions. In many 
instances the dose may be well within tissue toleration. In other in- 
stances the dose must be very close to the limits of toleration, 
roentgen rays, the dose ranges from a few times to many times that 
required for erythema, depending on the size of the area treated, the 
age of the patient and particularly the quality of the radiation, i.e., 
the voltage and amount of filtration. With radium and radon packs 
(distant treatment), the dose ranges from a few hundred to severs 
or many thousand milligram or millicurie hours. The dose depends on 
the character of the lesion and the dimensions of the surface to be 
e.xposed, the amount of filtration and the distance between the pac' 
and the skin or mucous membrane. WTien gold or platinum radon see s 
or implants are employed, it is customary to implant one seed for 
every square centimeter of tissue. They are implanted ah through the 
lesion and around its periphery. The amount of radon in each seed 
varies from 0.75 millicurie to 1.5 or 2 millicuries. 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly grow'ng forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewing these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary lesion is usually very small, and metastasis is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed If the microscopic examination shows a transf- 
tionahcell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after its removal with 
surgical diathermy. Metastatic glands are treated wth heavily filtered 
roentgen rays or radium. 


facet’s disease 

Darier,-® Pautrier,- Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
wlule there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra-epidermal portion 
of the mammary duct; also, that Paget’s disease is cancer from the 
very beginning. The distinctive microscopic picture includes the so- 
cafled Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
cases occur in women. It is an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Evolution is slow, but sooner or later there is evident carcinoma of 
the breast wth metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
of a sharply marginated eczema surrounding the nipple. The eruption, 
however, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
location, age of the patient, sex, sharp margin, persistent erosions. 

J97J * ' 
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infiltration, retraction of nipple and, perhaps, some pain should make 
one suspicious of the true nature of the aft'ection. Instead of an eczema- 
like eruption the condition may consist of infiltration of the nipple, or 
the nipple may be keratotic or verrucous, and is usually retracted. 
It is unwise to depend on clinical diagnosis. WTien a nipple or a breast 
has been normal and becomes abnormal, and the condition does not 
respond immediately to conventional treatment, a careful microscopic 
study of the tissue should be made. 

Treatment. — Cases have been permanently cured with roentgen 
rays and radium, but such treatment is uncertain. It is now the con- 
sensus of opinion among dermatologists that as soon as the diagnosis 
is established maslcctoni}’ with removal of axillarj’ glands should be 
performed. 

Extramammaby Paget’s Disease. — Paget’s disease has occurred 
on the penis, scrotum, perineum, pubic region, umbilicus, lip, nose, 
cheek, forearms, trunk, ears and tongue. In fact, it may occur in 
almost any location. In such instances, the growth begins in the 
epithelium associated ^Wth the cutaneous appendages. Clinically, e.xtra- 
mammary Paget’s disease may resemble Bowen’s disease, eczema, 
psoriasis, basal-cell epithelioma, squamous-cell epithelioma and other 
diseases. As a rule, the diagnosis can be established by microscopic 
examination. 

Treatment consists of removal or destruction of the lesion with 
surreal diathermy or scalpel surgerj'. 
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bowen’s disease 

Originally, this condition was thought to be a forerunner of cancer. 
It was knoivn as Bowen’s precancerous dermatosis. It is now known 
to be cancer from the beginning — an intra-epidermal carcinoma. There 
may be a single lesion or multiple lesions. They are most common 
on the trunk and extremities but may occur in almost any location, 
even in the orificial mucous membranes. Clinically, they resemble the 
flat type of basal-cell epithelioma — multiple epitheliomatosis cutis. 
They have a well-defined margin and a dark-red color. They may be 
dry and scaly or edematous, exudative and eroded. As a rule, there is 
very little infiltration, especially in the early stages. Evolution is slow 
and the degree of malignancy is low. Metastasis does not occur. Clin- 
ically, the affection must be differentiated from basal-cell epithelioma, 
squamous-cell epithelioma, eczema, psoriasis, and other dermatoses. 
The disease can be cured wth roentgen rays, radium or with electro- 
desiccation. 
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MELANOMA 

The term melanoma is ordinarily used to desi^ate a pigmented 
malignant neoplasm. Benign melanomas include pigmented nevi, the 
blue nevnis of Tieche and the mongoHan spot, while malignant mel- 
anomas include melanocarcinoma, nevocarcinoma, melanosarcoma and 
nevosarcoma. Melanomas probably all arise from a specific mesoblMtic 
cell, the chromatophore. The term melanosarcoma has been used in- 
correctly as a synonym for melanocarcinoma. Melanosarcomas are 
rare and arise in the choroid coat of the eye and in the blue nevus ot 
Ti«he.*** 
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The type of nevus that most frequently gives rise to melanoma is 
the blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have, been cured with roentgen rays and mth 
radium, but such treatment is very uncertain, as melanoma is radio- 
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resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed oy 
e.Tcision with the cutting current, hlalignant cells may be found some 
distance from the periphery’ of the lesion, especially in the subcutane- 
ous tissue. Therefore, the excision should be wide at the surface an 
wider below— cone-shaped excision. It should extend down at least to 
the muscle. The excised tissue should then be carefully examinct 
under the microscope to ascertain, so far as possible, whether or not 
all the malign.int cells have been removed. UTiei) diagnosed before 
metastasis has oc nrred and before there has been much local spread- 
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ing, it is possible to obtain a permanent cure. After metastasis has 
occurred very little can be done. Metastatic lesions soon occur in the 
viscera and various parts of the cutaneous surface. 

SARCOMA 

Sarcomas of the skin are the least common of the cutaneous malig- 
nant neoplasms. They are formed of immature connective tissue cells. 
In the nonpigmented tumors, the cells may be of the small or large 
round variety, spindle-shaped or the mixed-cell type. The small round- 
cell sarcomas are the most malignant and the fibrosarcomas and giant- 
cell sarcomas the least malignant. The more the cellular structure re- 
sembles adult tissue, the less the malignancy. 

The follouing classification of cutaneous sarcoma has been sug- 
gested by De Amicis: 

1. Localized or multiple nonpigmented sarcoma. 

2. Melanotic sarcoma. 

3. Multiple hemorrhagic sarcoma of Kaposi. 

Localized Nonpigmented Sarcoma. — This variety is the most 
benign. It appears as a single localized tumor, pea- to lemon-sized, 
usually the color of normal skin. Early surgical removal offers the best 
outlook. 

Multiple Nonpigmented Sarcoma. — In this type the lesions vary 
m number from a few to several hundred. These lesions may develop 
following the appearance of a single primary growth. They are pin- 
head- to egg-sized and are round or oval. The overlying epidermis is 
smooth and shiny, and telangiectases are frequently present. The out- 
look is serious. Coley’s serum may be tried, but it is doubtful if 
any benefit can be derived from it. Roentgen rays may be used pal- 
natively. 


Melanotic Sarcoma, — This is the most malignant of the sarcomas. 
Lesions usually start in the choroid layer of the eye or in the blue 
nevus of Tieche. The cutaneous lesions are pinhead- to egg-sized, 
consistency and blackish in color. The shape is oval or round 
and slightly elevated. These cases end fatally practically always, unless 
detected very early, Coley’s serum may be attempted. Little can be 
done except in a palliative way. 

Multiple Hemorrhagic Sarcoma of Kaposi. — This affection is 
not very malignant. The sites of predilection are the extremities. It 
^ost frequently in males. The eruption consists of various- 
sized, infiltrated, lilac-colored, doughy plaques, or collections of several 
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The type of nevus that most frequently gives rise to melanoma is 
the blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have been cured with roentgen rays and wth 
radium, but such treatment is very uncertain, as melanoma is radio- 
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resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed by 
excision with the cutting current. Malignant cells may be found some 
distance from the periphery of the lesion, especially in the subcutan^ 
ous tissue. Therefore, the excision should be wide at the surface and 
wider below — cone-shaped excision. It should extend down at least to 
the muscle. The excised tissue should then be carefully examined 
under the microscope to ascertain, so far as possible, whether or not 
all the malignant cells have been removed, ^^^le^ diagnosed before 
metastasis has occurred and before there has been much local spread- 
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or many firm, bean- to pea-sized, reddisb or purplish nodules. Both 
types of lesions are usually present. Occasionally there is ulceration. 
Evolution IS slow; the lesions persist for months and years; spontane- 
ous recovery may occur. There is always danger of a rapidly growing 
more malignant type of sarcoma as a complication. Roentgen rays are 
almost a specific for this disease. Arsenotherapy is said to be of value. 
(See article by MacKee and Cipollaro.-’*) 

Neurogenic Sarcoma. — ^These are tumors arising from nerve tissue 
and may appear on any portion of the body. They vary in size from 
that of a pea to an orange or larger. The color is the same as that 
of the normal skin. The prognosis is poor. True neurogenic sarcomas 
have a high mortality and have a tendency to recur along the nerve 
trunk. 

Dermatofibrosarcoma. — ^Darier reported four cases of dermato- 
fibrosarcoma in 1924, Clinicaliy, this condition is characterized by the 
development in the skin of small, hard infiltrating nodules which in- 
crease in size and number slowly to form a dense sclerotic, bluish 
plaque. Later on stalked, pedunculated or sessile nodules and tumors 
project from this plaque. These neoplasms are hard and may reach 
the size of an apple. The tumors are apt to recur after removal. 
Darier^* gave this condition the name “progressive and recurring 
dermatofibrosarcoma,” It is asymptomatic, does not affect the general 
health and does not metastasize. ^ 

It is difficult accurately to classify these tumors histologically. The 
picture is that of a fibromatous growth resembling very closely a 
spindle-cell sarcoma in certain cases. 

The tumors are radioresistant; in fact, they do not respond to any 
form of therapy except as in the cases reported by Senear, Andrews 
and Willis,-® in which there was no recurrence after complete excision 
of the mass. 

Melanotic Whitlow (Melanoblastoma of the Nail Bed). — This 
is a malignant disease of the nail bed, which is characterized by the 
formation of nodules of neoplastic tissue with associated formation 
of melanin about the border and beneath the nail. These lesions are 
painful and the majority of the victims die in from four to ten years. 

Early surgical removal or amputation is the treatment of choice. 

Lymphosarcoma. — ^This condition usually arises in a single chain 
of lymph glands and occurs late in life. Lymphosarcoma is very malig- 
nant and markedly susceptible to radiation. The glands most fre- 
quently involved are the cerrdcal and axillary glands. If neglected, 
these go on to ulceration. 

Since this disease is radiosensitive, roentgen rays and radium are 
indicated. In some cases, isolated involved glands may be removed 
surgically. 
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FiC. 93. — Lymphoblastoma. 


Miscellaneous Malignant Diseases. — ^The Spiegler-Fendt sarcoid 
is thought by some to be a benign type of sarcoma. Serious diseases oi 
the hematopoietic system and reticulo-endothelial system may cause 
tumors of the skin-^leukemia cutis, Hodgkin’s disease, mycosis lun* 
goides, lymphoblastoma^ etc. Many such conditions are temporarily 
amenable to roentgen-ray and radium therapy. 



CHAPTER NINETEEN 


ELECTROSURGICAL CURRENTS AND THE HISTOLOGY OF 
ELECTROSURGICAL WOUNDS 

John D. Ellis, M.D, 

For surgical purposes, a high-frequency current is an oscillating 
current having a rate of frequency above the threshold which pro- 
duces faradic response, due to conduction of the current into the tis- 
sues Its virtue lies in the effects resulting from the resistance of the 
tissues to the current, which manifests itself in the formation of heat 
and the local destruction of tissues of various and peculiar types. 

It is my purpose to deal with a distinction in effect upon tissues of 
the so-called cutting current and the coagulating current, in so far as 
such distinction can be made, and, in a rudimentary way, rsith the dis- 
tinction in the quality of the current which produces the cutting and 
coagulating effects. The production, technic, and tissue effects of 
fulgurating and dehydrating currents will be more briefly described. 
The commercial machines produced by different manufacturers vary 
greatly in construction and produce a correspondingly great variety 
in the quality of current. The ohmic resistance is often too great 
or too little to give the desired effect, and undesirable secondary 
faradic currents, with their resultant neuromuscular response, are 
experienced when improperly constructed machines are used. For ex- 
ample, it appears that the only way in which the sustained oscillating 
current of radiotron machines can be employed for coagulating pur- 
poses is by raising the amperage and voltage to a point where charring 
of the tissues, which prevents a dissemination of the coagulating effect, 
soon results On the other hand, the spark-gap machine produces a 
current from which it is difficult to eliminate the coagulating effect 
of the damped current inherent in the spark-gap machine. The present 
lack of standardization is unavoidable because of the difficulty in 
accurately measuring amperage or voltage during operation of the 
machine, so that the proper strength of current used for coagulation 
Of for cutting must be learned by experience with each individual 
machine. 

A very nice balance must be maintained between voltage and 
amperage, and also the capadty, inductance, and resistance must 
enter into the determination of the particular current used. 

■Ooyen's earliest machine, producing a high voltage and high fre- 
quency of oscillations but a low amperage, was equipped with a trans- 

’^mer, spark gap, and condenser, attached in circuit with an Oudin 
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The Cutting Current 

therefore, undamped oscillations. The oscillating currents from radio- 
tron machines present a precisely determined wavelength. In contrast 
to this, the oscillations of the spark-gap machines are composed of 
a mixture of waves of different lengths. It is not to be supposed that 
in actual practice damping is the only factor which distinguishes the 
cutting from the coagulating current. The elevation of both amperage 
and voltage Vidthin certain limits, produces more coagulation, while 
the increase in frequency in the undamped current up to a certain 
optimum of several million per second tends to produce a more smooth 
and uniform cutting effect. The duration of the application of current 
to tissues and the density of current, as conditioned by the size and 
shape of the active electrode or cutting point, also function in the de- 
termination of the extent of the area of coagulation. By lowering the 
voltage of the coagulating current to a minimum, the slow heating 
effect on tissue produces what Clark called electrodesiccation, a de- 
hydrating change without electrocoagulation. 





Fic 1— Skin of frog incised with a minimum amount of cutting current presenting 
section With a thin layer of coagulation such as would not be expected to prevent 
pnmary union 

, ft*'' * — divided with a dehydnung cunent The epidetmal cells adjacent 
to the cut are changed in onentation, *365 


General Effects of the Cutting Current on Tissues 

The technic of electrical cutting is the most recent development in 
electrical surgery. Smooth cutting depends, in part, upon the fre- 
quency of the oscillations, and upon the adjustment of a spark-gap 
machine to a frequency of 50,000 to 80,000, while with a radi'otron 
machine exhibiting a frequency of often more than 1,000,000, the 
eVd handled just as a plain scalpel The electrode 

glides through the tissues without the necessity of pressure. One has 
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coil. Later he used the entire solenoid (Oudin coil) as a secondary 
coil, taking the current off at both ends, producing the so-called 
biterminal current. The earlier machine supplied a fulguration cur- 
rent, while the later one furnished the current we now call electro- 
coagulating. Charring of tissues in fulguration prevents penetration 
of the coagulating effect. 

The Cutting Current 

The production of the cutting current came many years later, and 
is just now being mdely discussed in German literature by Kuecken 
and Doederlein in the Gynecological Clinic of the University of 
Munich, and by Keysser, a former associate of Lexer. The principal 
French contributors are Champy and Heitz-Boyer, while in England 
some experimental work has been undertaken in London by Sampson 
Handley, Gordon Taylor, and Douglas Harmer. In America, several 
important surgeons are now interested in the possibilities of the cut- 
ting current. 

This cutting current depends, for its peculiar surgical effects and 
characteristic tissue changes, upon the amount of damping — or, 
rather, lack of damping — of its wave trains. It is safe to say that the 
more nearly a perfect, sustained, uninterrupted oscillation is exhibited, 
the more nearly the wound produced approximates that of a surgical 
scalpel. The exact wave forms produced by the various surgical ma- 
chines during their application have not yet been actually photographed 
with a cathode ray oscilloscope because of technical difficulties in 
projecting the shadows of the individual wave of oscillations at such 
high frequency as the ones now used, and because these oscillations 
are affected by various adventitious factors of damping and second- 
arily induced wave forms. 

The production of a high-frequency surgical current depends upon 
the oscillation of electrons, which perform a pendulum-like move- 
ment. There are two fundamentally different methods of obtaining 
these oscillations. In the first, just as the swinging of a pendulum gets 
smaller and smaller on account of the friction resistance, so in the 
spark-gap machine the oscillations of the electrons slowly decrease, 
because in the spark gap they are damped by air resistance. We deal, 
therefore, in spark-gap machines, with damped high-frequency oscil- 
lations. In the second method, undamped oscillations are generated 
by means of radiotrons. These machines employ the same radiotrons 
or radio tubes which are used in (he wireless and in broadcasting. 
We know that in radiotrons a pure current of electrons is flowing, 
which is rhythmically influenced by the continually changing charge 
of the grid between the anode and the cathode in the tube. This is 
the mechanism by which sustained oscillations are generated. Since the 
radiotron is evacuated as far as possible — that is, free from air — ^the 
oscillations are n it damped by air resistance of any kind, and are, 
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The Dehypratinc Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in an area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknotic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchromatic. 

General Effects of the Coagulating Current 
ON THE Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine, A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonification of the edges of the wound (Fig, 3 ). In the 
use of this, as in the cutting current, the electrode is brought in con- 
tact with the tissues, and then the circuit is closed. If the circuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This zone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also induces faradic e.xtra 
currents and muscle jerking, which interfere with the delicacy of the 
operation. Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of which is on the surface of the tissue 
being cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched and the zone external to this is hyperemic 
m appearance. The inner zone, in histologic preparations, presents a 
blue nuclear staining, e.g., hematoxylin, contrasting with the red eosin 
staining of the intact tissue. The tissues so affected are somewhat 
shrunken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
teins are split, freeing blue staining acid radicals with a probable 
increase in the local hydrogen potential. According to Doederlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over into an ill-defined outer zone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels. “The faster the tissue dies, 
me more it conserves its original form and shape” (Ernest). The pri- 
mary effect of the heat is identical with necrosis of ordinary skin 
ourns. This applies to preparations made immediately after the opera- 
Freparations made several houi5 or days later show the outer 
zone being invaded by fibroblasts, round-cell accumulation, and for- 
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the impression that the tissue melts under the influence of the elec- 
trical current. Kirschner, for this reason, has given it the name of 
“melting cut.” This incision has the gross appearance of a scalpel 
cut (Figs. I and 2}. Kelly has called this procedure “acusection,” 
and Keysser has described it as “akutomy.” The histologic effects 
on tissues can be described in zones, the innermost being a zone of 
mechanical disruption of tissue and explosion of cells. The question 
of whether this effect is produced by molecular dissonation, due to 
the assumption by the molecules or atoms of the tissues of a new 
rate of vibration, causing dissolution of the molecular structure, as 
postulated by Oudin, or whether it is merely a thermal effect due to 
the sudden expansion of the cell when its liquid contents are converted 
to steam, as Jellinek thought, is speculative and need not interest us 
here. Just outside of this zone of tissue disappearance is a zone of 
elongation or attenuation of cells, (his drawing-out effect being seen 
principally in the nuclei which are more fluid than the cytoplasm. 
Kawamura described radiating lines of similarly attenuated cells run- 
ning out from areas of electrical injury in fatal cases. Depending 
upon the fluidity of the tissues, there is a varying amount of change 
in the orientation of these elongated cells, so that they come to lie 
parallel with the direction of the cut. This effect is seen at its maxi- 
mum in soft connective tissue or muscle, and cannot be produced in 
the stratum corneum of the skin. In parenchymatous organs, this elon- 
gation is transmitted along the nearby blood vessels, perhaps because 
the tissue surrounding the vessels is less resistant than the vessel wall 
itself. 

Wildermuth, assuming the resistance of a chemically pure physio- 
logic salt solution of a temperature of 18° C. (64.4® F.) as r, esti- 
mates the specific resistance of the various tissues as foIIo^vs : 


Fatty tissue i9-4 

Brain tissue 5-5“ 

Pulmonary tissue J-S" 4-0 

Liver tissue 2-8- 3*3 

Skin 2.5- 3-0 

Muscle 1.2- i-S 

Blood, approximately 


The higher the fluid or blood content of an organ, and the lower its 
fat content, the less its resistance to electric section. The great re- 
sistance in cutting through fat, as compared to muscle and skin, at 
first disturbs the surgeon habituated to the scalpel, which cuts lat 
more readily than muscle and skin. The variation of resistance to 
electric cutting necessitates a readjustment of the machine as one 
passes from s’ n into fat, and then into muscle or parenchymatous 
organ. 
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The Deh\t)rating Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in air area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknotic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchromatic. 

General Effects of the Coagulating Current 
ON THE Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonification of the edges of the wound (Fig. 3). In the 
use of this, as in the cutting current, the electrode is brought in con- 
tact with the tissues, and then the circuit is closed. If the circuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This zone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until'the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also induces faradic extra 
currents and muscle jerking, which interfere with the delicacy of the 
operation Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of Avhich is on the surface of the tissue 
b«ng cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched and the zone external to this is hyperemic 
m appearance. The inner zone, in histologic preparations, presents a 
blue nuclear staining, e.g., hematoxylin, contrasting with the red eosin 
staining of the intact tissue. The tissues so affected are somewhat 
shrunken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
teins are^ split, freeing blue staining acid radicals with a probable 
increase in the local hydrogen potential. According to Doederlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over into an ill-defined outer zone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels. “The faster the tissue dies, 
e more it conserves its original form and shape” (Ernest). The pri- 
ary effect of the heat is identical with necrosis of ordinary skin 
urns. This applies to preparations made immediately after the opera- 
uon. Preparations made several hours or days later show the outer 
zone being invaded by fibroblasts, round-cell accumulation, and for- 
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eign body giant*cell formations. Robertson and Boyd have isolated 
from the tissues coagulated by heat two immunologically specific toxic 
proteins. One, diffusible and thermostable, they term a “neuroto.xin,” 
and the other, thermolabile and colloidal, a “necrotoxin.” Pfeiffer, 
and Becky and Schmitz have isolated a toxic protein from the urine. 



Fio. 3.— Dog skin to which has bten applied no electrode bearing the least 
of cutting current which would leave a visible mark on the surface. A wJde w os 
necrosis results with less current than is required to seier the skin. Fragmentation o 
hair is seen Vacuolization appears in the conum; 

It is probable that these toxins produce the outer area of secondary 
necrosis. 

Nieden has pointed out that deep coagulation, even in the inner 
zone of complete necrosis, is always uneven. In experiments in asso- 
ciation with the physicist Weiss, he tried to account for the uneven- 
ness and the direction of penetration according to the distribution 
of stream lini-- | 'oduced by different shapes of electrodes and marke 
variation of r -latance displayed by the various tissues. This variation 
makes the <' .-ction of penetration and deep coagulation unpredict* 
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able, and the resulting tissue injury one of the most dangerous factors 
one deals wth in electrosurgery. After coagulation in the vicinity of 
large vessels, a fatal postoperative hemorrhage may occur as the 
result of an unexpected necrosis of the vessel wall. 

Specific Effects on Different Tissues 

Skin preparations were first studied in our experiments to determine 
the type of injury produced by the minimum amount of cutting and 
coagulating current which would leave a visible impression on the 
surface. Later, attempts were made to incise the skin of the human, 



Fic 4 — Comparison of primary unions between electrosorgical knife wounds, A, and 
scalpel control wounds, B. (Rcpnnted from J.AMA. 96 16-18, 1931) 


dog, rabbit, and frog with a current producing a purely cutting effect 
^thout necrosis. In all skin possessed of a stratum corneum, i.e., in 
all types employed except that of the frog, specific cutting effect with- 
out coagulation could not be accomplished. A narrow margin of coagu- 
lation bounded every incision, although this was narrower (a minimum 
01 I mm.) with the cutting than with the coagulating current. The 
stratum corneum, then, resists the disruptive effect of the cutting 
current until enough heat is produced by tissue resistance to cause 
coagulation. At the time of incision, the epidermis is blanched and is 
I because it is shrunken. The individual epithelial cells can no 
ooger be discerned plainly in the stratum corneum, while in the 
® rata mucosa and germinativa, the cells assume somewhat the ap- 
pearance of those in a normal corneous layer. The cells in the basal 
shrunken together and have dark, spindly nuclei. The fibers 
the connective tissues of the corium are either coagulated adjacent 
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to the cut or have lost their fibrillary structure and appear as con- 
glomerate masses, often resembling hyalin in appearance. They can 
no longer be dyed red in a hematoxylin-eosin preparation, but turn 
slightly blue. Between these close-pressed masses appear shrunken 
nuclei. When the cut reaches into the fat, only the connective tissue 
of the fat is changed, the fibers being broadened, dyed blue, and con- 



wound. (Keprinted from j 3 \M.A 96; i6*i8, 19^1.) 



FiO 6 — The tensile strength of wound healing in skin of dogs; The 
healing is less when heavy defaydralioR (or eicctrodcsiccation) is applied than wnen 
sUght dehydration is used, as in Fig. 5. (Reprinted from J.A 3 I.A. 96- 16-18, I 93 > ) 

taining pyknotic nuclei. In the stratum reticuJare of the corium, flat- 
tened gas bubbles appear, Keysscc and Schridde seem to be the first 
to describe this phenomenon, and Schridde saw it also in the ep^ 
dermis. In the skin of the rabbit, connective-tissue changes extend 
around the sweat glands at some distance from the region of the in- 
cision, and the hairs are fragmented in the changed area around the 
cut. 

The necros'' - roduced by the minimum of coagulating and cutting 
current which .vill leave a visible impression on the surface of a‘ 
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the skins provided with a stratum corneum presents no difference in 
type of tissue injury from that of coagulation, described above. We 
conclude, then, that it is not possible to produce a purely cutting effect 
without some necrosis on a skin with a horny layer. This slight 
necrosis produced by the cutting current does not, however, always 
preclude healing by primary intention, as I found in another experi- 
ment performed to test the tensile strength of wound healing on dog 
skins. In this experiment 6o per cent of electrically produced wounds 
showed primary union in comparison with 97.5 per cent of primary 



fic 7.--Complete section of intestinal wall of dog with cutting current without necrosis; 
s >55 

union in scalpel wounds (Fig. 4). WTien union did occur, however, 
the electric wounds were somewhat weaker than the knife wounds 
until approximately the twenty-fourth day of healing. Figure 5 rep- 
resents^ in a broken line the strength (expressed in Gm ) of union 
of centimeter length cuts, pulled apart with a tensiometer on different 
healing of dog skin. This curve represents the 60 per cent 
of the electric cuts which healed by primary intention. The continuous 
me represents the 97.5 per cent of scalpel wounds, 
it will be seen that in the mid-period of healing, the electric wounds 
^2bly W’eaker. At 24 days, the two curves have not yet approxi- 
when heavy dehydration is employed (Fig. 6). 
cul of the cutting current on skeletal muscles and the mus- 

ar w-all of the stomach and intestines were studied. Incisions may 
reely made without any zone of coagulation whatever. There are 
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a change of orientation and shape of the superficial cells and a sealing 
of the capillaries and lymphatic channels. These incisions heal with 
approximately the same tensile strength as cuts made with a scalpel, 
and without secondary necrosis or infection (Fig. ?). Figure repre- 
senting tests on muscle section and healing, shows no important weak* 



Fio. 8.-~Tensile strensih of wound hfoling In muscle: Incisions were made with very 
sKghf efectrodesfccaUon, the electrical fneWoos show almost the same strength ol oeaMs 
as the scalpel wounds. (Reprinted from Jj\MA 16-18, i«i.) 



Fic, g — Tensile slrenslh of wound heabng in stomach- The middle values s*"®. ^ ' 
cidediy iveakcr m the electrical incjsions, there is a wide variation in aJI the reaamgs 
of dogs operated on (Repnnted from J AM.A. 96: 16-18, 163^-) 


ness of the electrical wounds at any period of healing. Figure 9, a 
comparison in heaiing of electric and scalpel gastrotomy, presents 
curves of healing for the electric wounds, considered both as to 
ity and time of attainment of maximum strength, entirely comparable 
to the scalpel '.si^unds of the muscle wall of the stomach. 

Primar),’ r , dermal healing presupposes two factors, i.e., a deposi- 
tion of a r . yiete fibrillary fibrin across the wound and satisfactory 
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fibroplasia. Baitsell, Hertzler, and Hartwell have shown that fibrin 
and collagen are deposited in primary healing by a chemical reaction 
from prefibrin by the absorption of the edema fluid of a wound (Fig. 
lo). This appears to them to be entirely independent of cellular activ- 
ity and conditioned by the hydrogen potential of the wound. Fibro- 
plasia occurs first by stereotropism of wandering tissue cells or 
clasmatocytes along the fibrin network, and later by proliferation 
of these cells, producing fibroplasia. This mechanism was described 
in 1914 by Harrison, and the work has been studied and corroborated 



recently by Baitsell, Wereschinski and Carrel. The last has shown 
that the formative stimulus to fibroplasia is not found in the blood 
plasma, but is a local product of the injured tissues, Baker and Ham- 
mett, working in Carrel’s laboratory, found that the formative stimu- 
us does not depend upon the amino acids that the wound or adjacent 
issue contains, but is a protein cleavage product containing a sulfhy- 
ryl group. The elaboration of this essential stimulus for cell multi- 
P icatjon is apparently not interfered with by the application of the 
ting current to muscle or stomach, and, in some instances, to skin. 
St of a fibrillary fibrin network is generally not demon- 

. electrosurgery. Following the advice of Hertzler, I at- 

j . fo demonstrate this network with a Weigert-Pal stain, and 
fibri Kolschetzski modification, but found only a granular 

n deposition, such as one sees in wounds healing by granulation. 
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The coagulating current, applied to skeletal muscles and stomach, 
produces the same inverted zone of coagulation as described in the 
deeper layers of the skin. The appearance of the coagulated muscle 
after a few days resembles hyalin in a necrotic area ultimately sur- 
rounded by a connective-tissue capsule or absorbed and replaced by 
fibrosis. 

Specific Effects on Blood Vessels 

The discussion of the effects of these currents on the blood vascular 
system can be divided, for clinical purposes, into: 

1. Capillary hemostasis in vessels of the size which do not usually 
bleed after the hemostat is removed in ordinary surgery, e.g., lapa- 
rotomy wounds 

2 . The coagulation of moderate-sized vessels, such as the ones which 
must be ligated before the hemostat is removed 

3 . The closure of arteries and veins of the size of the radial artery, 
or larger 
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Fio. II — Electric ligation of vdn with rupture of wall and extravasation of blood, 
XI5S 


Hemostasis in Capillaries, Arterioles, and Venules. — -When tis- 
sues are severed Avith the cutting current wthout any zone of coagu- 
lation, capillary hemorrhage results (Fig. ir), which suddenly ceases 
a few minutes later, even in such vascular tissue or muscle or kidney, 
with a faality that surprises the surgeon. This unusual effect was first 
investigated by Heitz-Boyer, who noticed, in histologic preparations, 
the transrr -ion of elongation and stretching of the cells of the pen- 
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vascular sheath to a point several millimeters from the cut end of the 
capillary. There is an abrupt change in the muscular wall of venules 
and arterioles, causing contraction and fusion with obliteration of the 
lumen at the point of severance. The arteriole, in particular, often be- 
comes tortuous for a few millimeters (Fig, 12). The vascular lumen 
is occluded by the collapsed w’alls'and the few epithelial lining cells 
which are torn off and seen free in the lumen. In some specimens, no 
endothelial changes are seen except a curious, wave-like wrinkling in 
transverse ridges just at the point where the lumen begins to contract. 
It did not appear to Heitz-Boyer that the existence of a few’ avulsed 
cells in the lumen was sufficient to account for the sudden hemostasis 



Fio 12 — Correct electncat collapse of arteriole, C30 


Iv, ^^pillaries and arterioles after cutting, and it w’as suspected that 
there must be a rapid and abundant liberation of thrombokinase from 
attrition of the vascular wall. The following experiment w’as under- 
taken: The serum of rabbits’ blood was placed in paraffined tubes, 
mall, well-polished pipettes were introduced into rabbits’ veins and 
arteries without touching the edges of the wounds of entrance. These 
Vessels were then severed i to 2 cm. from the pipette point w’ith un- 
amped current and with the scalpel. The pipettes were withdrawn 
and placed in the tubes containing serum. The pipettes from the 
Vessels electrically damaged caused immediate coagulation of the 
serum, while those from the vessels with the knife wounds caused no 
nagulation of serum for 10 to 12 min., which is the same time that 
.^.^Snlation occurred in the control rabbit serum. They inferred from 
1 ^ abundant thrombokinase was liberated from the smaller 
ssel walls by the action of the electric current. 
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Electric Ligation of Small Vessels.— Vessels of a size which must 
be ligated to control hemorrhage in ordinary surgery are not generally 
successfully obliterated with a cutting current. Either they must be 
touched \vith a coagulating current, or the hemostat which occludes 
them must be touched, in order to produce successful hemostasis. The 
less the tissue surrounding the vessel is gripped with the hemostat, 
the less the area of necrosis formed. The smaller the amount of 
necrotic tissue, the greater the chance of absorption of this tissue 
without a slough, and the less the chance of infection or secondary 



Fic 13 — Correct “electrical lipation” of artery. Convolution of intima without 
desquamation at point of closure The most notable changes seem to be displayed in 
muscularis and elastica; X295. 


hemorrhage from the coagulated vessel. We experimented in coagula- 
tion of the splenic vessels and the radicals of the superior mesenteric 
vessels adjacent to the small gut in the dog and found that these 
were best occluded by use of the coagulating current (Fig. 13)’ 
walls present the same changes that occur in the capillaries on section. 
It is possible, however, to exhibit enough coagulating current to break 
the vessel all into fragments and produce hemorrhage, or to explode 
the brittle, collapsed, and constricted wall a few millimeters from the 
region of hemostasis. As one becomes more efficient, there is a tempta- 
tion to employ more voltage and a shorter time. This is dangerous. 
It is easy to generate a cloud of steam at the point of application 
which pushes ir’n the vessel lumen, exploding instead of sealing it. 
It is my opin' i that the successful coagulation depends upon the 
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mechanical effect of constriction of the lumen, and not on thrombus 
formation. The cells of the muscular layers appear crowded together 
and stained blue. There are the usual nuclear changes which accom- 
pany electric coagulation. The intima is seldom avulsed and few free 
epithelial cells appear in the lumen (Fig. 14). If the vessel is coagu- 
lated in the solid tissue of an organ, the vessel change does not extend 
beyond the tissue necrosis in the parenchyma of the organ. This limi- 
tation of change was first described by Kuntzen and Vogel, who car- 
ried out experiments upon rabbits. A lobe of the liver was fixed in 


Fic u — Cornigations of intima, A, with contraction of muscle walls in electrical hemo- 
stasis, X85 


the abdominal wall and excised with a coagulating current. The ani- 
mals were killed on various days. The portal vein was injected wth 
India ink. Thrombi were found to form only as far as the tissue 
necrosis in the surrounding liver substance. An elective depth effect 
of the current upon blood vessels did not manifest itself beyond the 
region of coagulated liver. No secondary hemorrhages occurred along 
the vessels. This agrees i\ith my experience. 

Sealing of Larger Vessels. — Tinker has described the coagulation 
of the blood in these larger vessels e-xtending 12^4 mm. along the 
lumen. We were unable to demonstrate any such thrombosis in arteries. 
In veins, a definite coagulation extended not farther back than a 
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distance equal to the diameter of the lumen when the vessel was 
coagulated with a current strong enough firmly to close, but not en- 
tirely destroy, the vessel. Even after several days this small, red 
thrombus was still seen in the vessel merely as a coagulation throm- 
bosis, the definition of many of the red cells being retained and the 
white cells appearing unchanged in morphology. There is no progres- 
sion m the size of the thrombus, examined several days after the 
occlusion of the vessel. According to Aschoff^, this coagulation throm- 
bosis is in sharp contradistinction to true thrombus formation, which 
he describes as conglutination and agglutination thrombosis. This 
latter process presupposes the local heaping-up of platelets, which 
process is one of the two primary factors in thrombus formation, 
the other being stoppage of the blood stream. In my opinion, the 
strength of the hemostatic effect in these larger vessels is determined 
by the shrinkage and collapse of the vessel wall, and not by pressure 
from thrombus formation in the vessel. Based on the idea that satis- 
factory sealing of these vessels is accomplished by shrinking of the 
wall, Harvey Cushing has originated a novel manner of dealing with 
them in neurosurgery, which is applicable in any region where the 
vessel is exposed and free from the solid organs. A ball electrode, 
about ^ in. in diameter, is used in connection with the usual coagu- 
lating current of a strength appropriate to the size of the vessel. 
Beginning at the clamped section of the vessel, its surface is gently 
stroked in a series of short strokes, which results in pushing the con- 
tents of the lumen back and sealing the vessel shut as one proceeds. 

Conclusions 

The effects of high-frequency currents used in surgery depend 
definitely on the qualities of the current employed. T\yo types of 
electrosurgical machines are in common use, one in which the me- 
quency of oscillation is produced by multiple spark gap and the 
by radiotrons or radio tubes. The first always produces a somewhat 
damped current. The less the damping, the more nearly the current 
produces a clean cut, like an ordinary scalpel wound; the more the 
damping and the higher the amperage, the greater the amount of 
coagulation produced in the tissue at the edges of the incision. Both 
the cutting current and the coagulating current have spedal indiM' 
tions and advantages in surgical practice. The radio knife can be 
made to produce a cut without coagulation, as the current is not 
damped. By increasing voltage and amperage in this machine, a coa^- 
fating cut can be produced, but this is likely to be associated watb 
charring and prevents penetration of the coagulation into the tissues. 

Experimental cuts were made with both types of current on the skm 
of the human, dog, rabbit, and frog. The first three of these have a 
skin with a stratum corneum, and, in the presence of this layer, some 
coagulation results before penetration of the skin can be accom- 
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plisbed, even with a pure cutting current. This coagulation does not 
necessarily interfere with primary healing, but only 6o per cent of 
the cuts produced in dog’s skin healed by primary intention. The 
skeletal muscles and the muscular layers of the stomach and intestine 
can be severed with a cutting current mthout coagulation. The phe- 
nomenon of vessel closure with a coagulating current is an interesting 
one, involving collapse, shrinkage, and agglutination of the vessel 
walls without extensive thrombus formation. A large amount of 
thrombokinasc seems to be liberated in cutting capillaries and small 
vessels. There are many serious errors to be avoided in coagulating 
vessels. Too rapid coagulation causes explosion and subsequent 
hemorrhage. 

In coagulation of tissues, the specific resistance of the tissues varies 
tremendously, e g., fat is more than eight times as resistant as muscle, 
making the direction of deep coagulation uncertain. 

The present tendency in electrosurgery is toward the use of cutting 
currents and away from massive coagulation as being unsurgical and 
dangerous 

BIBLIOGRArHY 


.V«Phofr, I> . LiPCtiire* on PntJiwlocr. 

Tork Paul ll Ho-hor, IW4 
DaltspII 0 .V ■ Origin and atriKtiirt* of 
nbroiu tisxiii* found In nonnil h^.iling. 
J. nxppt Meil, 23 7.311 {Juu««) I'm! 
Raker and nammett Quoted by Carrol. 
Carrel, Alexis: The proc«'«'< of noimd heal- 
Ing, Proc Inst. Med, 8 C3H.0 (April) 


Cbampy, Ch and neitr-noyer, M. M<can* 
urn d'actloD <Iu bl'tourl «tec(nque A 
5??'^ . (eltets thermlques ot 

inecaii|,liiea dog courants de haute fr«- 
Compt rend. 


Cnmpt rend ,\c.ta d rc . ISI: 
ij.x (r)ec,.mher) l!12!l Sur laetlor 
nemostntKinei <lii bl«touri Pleclnnne 
Lnitipt rend Soe de blol . 103 . 3854l8; 
IPebrnnry) l')30 

CicshiDjr, n Kleetro-gurjrerr ns alil to re- 
G?n2' ®nK ^"'^fpranlnl tumors, Surs 
GTnee Qbst , 47 731-784 (IWember) 

A • Incision with electric spark 
an!) «ehn.U.r, 52 5-1 (Jana 

^ n ■ Traits de th^rapeuliqnt 
f*. teohnifiue ofMiratoire 
tinn A .1 Malolne, I'llO hiir hi l»estnM- 
^unie'ir-* OancereiiseH Aoeessihle: 
Polii;« ^1^*1'''*'.“...?“ ^ VoUalsatloa III 
rnimil® • R'actrocnaffulition Ther 

mlqup, Arch <1 flPctr m«d . So 372 

* Bnl-J V rate of lienlinc of electro 

a^i exprpBBcd hi tenslh 
on. 10-18 (Janu 
-(ttempts to espre-(s matbe 
•wniV^i '^r.**’* healing of elpctroBOrgira 
•"•aiiod., Snrg Qynec Obst . 52 51^5V 
'rehruarr) 13.31. 


l)rne«t • Quoted bj Kej'«\er. 

Itarrison, It O . Keactione of rmbrronic 
<e|ls to solid '■tnirtures, J Ksper Zool , 
17 521-344. 1''14 

Hartnell, .S W Surgical woundt la bu- 
niin things: liistoiogic etudy of healing 
null practlinl Applications, epltbellnl 
healing .ireh Sure, lU 833-847 (No- 
tcniher) 1020 

Ilelte Iloyer, M .\ction ‘'dl»s<qnante‘’ du 
hi'iouri n haute fi^quenie, Dull rt m^m 
Soc. nat. de cbir., 55 750-757 (June) 
1029 

Ilertrler, A n. : Newer conception of wound 
healing a« applied to prnctiril surgery, 
.\m J. hurg, 7 • 203-JOO (September) 
1929 

Jelllnek, S . BiologUche IVlrliungen iiUra- 
kiirzer Wellen. IVlen kiln Uclin«chr, 
4.3 1.304 15''0 (necemher) 1030 

Kawamtira. I Cleetropathological hUtol- 
«gi VIrchnns .\rib f path An.it, 351: 
5711 C09. 1021 

Kei«!>:er, F • Pie niektroctilriirgie. I.eipii-. 
rischers medUlnIsfbe Duchliandliing, 
lOdl 

Klrecliner, M • Operative .Surgery, Dbil.i , 
J U Llppincott Co. 1031 

Kuckens. 11 Dip I’erwendiing von Iloch- 
freqiienaitromen sum Kftutefisiercn iinil 
Uiirchtrennen ion Oewebe mit hesonderer 
Beriickekhflgltng der dahel auftretenilejj 
rjewebpier.indemngen. Arc)i f Ojn-ik, 
141 • 273 .303. lO 111 


Ceher elnige bei den Piathermle- 

operUinnen .luftrctende Oewebeier inder- 
iingeii unil filler Ihre Beileiitung Zt-«lir z 
I..ith Annl II z nllg I>ath , 85 • GOj-TOB 
(Noieniber) 3030 

^untcen, 11 and Vogel TV • Ktperimentelle 
I.eher- mid 5IIl2re«ei.tionen mit Dia- 
thernnestromen. 5'entralbl f. ChU , 56: 
882 88.4 (April) 1020. 



18 


rChapte 

LVolumi 


Electrosurgical Currents 


Nieilpn, A. : Neue AnweDdungsgeblete dw 
lllektrokoagulatlon und Ocrcu tpchniscbe 
VorbeillnKungen, Zcntralbl f. Cblr_ 57 : 
14S8, 1030 

Pfeiffer, H : Experlmentelle Heltrilgc snr 
Aetlologie des primilren VerbreDnunga- 
todes, Virchows Arch f. path. Anat. 
1S0:3C7, 1905 

Robertson, B. and DoTd. Q : Tosaemla of 
severe burns, Am J Dls Child , 25 . 103- 
167 (February) 1023. 


Schrldde, n : Marks of electric current on 
^In. Ccntrnlbl f. nllg Path. u. path. 
Anat, 33*410, 1922-1023. 

TV'erescblnskt, A. : BeltrJge aur Jlorphologie 
und Ilistogenese dcr Intraperltonealcn 
Verwaclisungen, I-eipzlg, Vogel, 1025 
Wildermuth : Quoted by Keysser. 

Wright, Sampson Applied Physiology, Ed 
4, London, Oxford Medical Publications, 
Oxford Unhcrsity Press, 1031. 



CHAPTER TWENTY 


ELECTROSURGICAL METHODS 
WiLLiAji L. Clark, M.D. 

The value of electrosurgical methods in general surgery has been 
established. These methods are gradually coming into more general 
use and are growing in importance to the surgeon. Owing to this fact 
an exposition of the newer units is herewith presented for the infor- 
mation of physicians not yet familiar with their advantages and dis- 
advantages. The present chapter will deal with the more useful elec- 
trosurpcal methods, upon the basis of the effects produced in the 
tissues, which will be classified as electrodesiccation, electrocoagula- 
tion, and the high-frequency knife. 

Electrodesiccation and Electrocoagulation 

There is an impression among many of the profession that the 
electrodesiccation and electrocoagulation methods are one and the 
same. This is an error, inasmuch as the effects produced on the 
tissues are quite different, and these can be readily demonstrated 
both clinically and histologically. The type of high-frequency current 
by which electrodesiccation is produced is of relatively high voltage 
and low amperage, whereas the current by which electrocoagulation is 
produced is of lower voltage and higher amperage. This variability in 
factors permits the surgeon to utilize the current to best advantage 
in a wide range of neoplastic lesions 

Electrodesiccation. — ^The electrodesiccation effect produced by 
the application of one of the forms of high-frequency currents to the 
tissues was first recognized by the writer in 1908, and it was described 
by him before the American Electrotherapeutic Association in Sara- 
toga Springs, N. Y., in 1910 It was demonstrated that benign or 
jnalignant growths of small or moderate size can be destroyed by 
the utilization of heat of just sufficient Intensity to electrodesiccate 
or dehydrate the tissues. The beat for the purpose is produced by a 
monopolar high-frequency current of the Oudin type, the current 
oing conducted to the lesion by means of a steel needle or other 
pointed metallic applicator. Either a single or a multiple spark gap 
tnay be employed in the circuit, but it must be so constructed as to be 
subject to refined regulation. The proper current strength necessary 
0 destroy growths of different t3T)es and sizes can be learned best 
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from actual experience. The electrodesiccation effect may be pro- 
duced in the tissues either by delivering the current through a short 
air space to the growth to be treated, by touching the surface with 
the electrode wthout an air space intervening, or by inserting a needle 
electrode more or less deeply, the method of application depending 
upon the type of case under treatment, whether the affection is super- 
ficial or deep, and also upon the degree of tissue destruction desired. 



Fig. Multiple moles of face 

Fic. 3 —Illustrating the cosmetic result obtained after removal by the 
tion method When the operation is well per/ormed (here w seldom a resulting contracte 
or elevated scar. 
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Tiie electrodesiccation method v.ith modification of technic h 
advantageously when the lesion is comparatively superficial and 
ized, and when it is desired to avoid a contracted Cicatrix It is s 
to such control that if the technic is correct, an exceedingly 
growth, even on the cornea, can be successfully treated withoi 
pairment of vision, or the suhsequent formation of discerm'bfi 
tissue. A small growth on the vocal cords may likewise be dest 
without impairment of the voice. Likeivise, such a delicate stn 
as a hair follicle may be destroyed quite as accurately by el 
desiccation, if correctly employed, as by the electrolysis needle. 

The electrodesiccation method has been found to be most sal 
tory for the trealrnenl of localized epitheliomas or sarcomas occi 



outrr.. ^“Extensive basal-cell epithelioma, temporal rcinon. includinp some bo 
x.tav This patient had received intensiie treatments by both radii 

/• temporary hea],ne, but recurrence, resisted radiation treatment after th; 


rfcum^^ , End-resuK of one electrocoagulation operation, under ether anesthes 
nee in three years, patient died oi pneumonia 


^ pon cutaneous surfaces or accessible mucous membranes. If the 1 
JS extensive and (jf a very malignant character, wide resection 
c ectrodesiccalion with the electrosurgical knife is a practice i 
Commended Likewise, electrodesiccation can be employed ai 
ageously with a good curative and cosmetic effect, in the treat 
such benign If;sions as w'arts; moles; nevus vasculosus and 
emh ^^S^o^ias; tattoo marks; xanthomas; lupus vulgaris 
ra h ^^stosus; chronic varicose ulcers; localized infections, su( 
leufc^ ? cases of exostosis, as of the hard palate; ep 

cer urethral caruncles; cervical erosions; ( 

'^citis: hemnrrh/^i'^js^ infected tonsils, and some other lesions. 
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versant with its uses and limitations. 

Electrocoagulation -He™ 

high-frequency current of the d Arsonvat tyy ^ defi- 

is generally employed to A ^ ^f Physical Therapy of 

nition of diathermy approved by t fnllows* “A term employed 

the American Medical Msomat.on generate heat 

to designate the use of ‘"f 

within some part of the body. ^ npummuscuiar response. The 
the maximum frequency " ? ” several hundred thou- 

oscillations may be a frequency ranpng from ^ current is 

sand to several million cycles ,te„e and amperage, the 

passed through the body at a . between the electrodes 

resistance offered by ‘*'‘= 'feues® It was d'Arsonval who 

causes heat to be generated '"/“J*.''?™ a,„cy electrical currents 
demonstrated that passage «' nor indirect contraction 

through living tissues causes heated. Nagelschmidt, 

of muscles, but does cause the bss““ this property to 

of Berlin, in 19=7, apparently wi^e first to appiiy 
human beings for therapeutic i„ temperature depends not 

diathermy— ‘heating through. The rise in temp efficiency o 

only on the amount of f ^e teat anii maintaining normal 

the circulation m carrying off the neat 

ne alCgie or amuitiple spark ™/„YsTr?lXfd,"S 
coagulation, but a good naultiple SRrk g producing electro- 

current can be “stepped up by its “*■ . action than that pro- 

coagulation is more penetrating Mcessible locations it is utilized 
dudng the electrodesiccationcRec . in eases where there 

to destroy larger tissue growths, it is also us 

is extensive bone involvement. , . 5 - application of the 

There are many variations -nts ofindividual cases, 

electrocoagulation method to [¥ ' 5 “ ibed with sufficient clarity 
These variations cannot very well be efescribe ^nst be 

to permit one to practice them LX n one expects to 

learned from pracUcal experience as well as st ay ^^nie of 

excel in their use. The techmc (or the bribed later on in 

the electrosurgical operations beginner, but the infer- 

the chapter. These descriptions will ust ’necessarily be 

mation given, (or reasons stated previou y» 

rudimentary. ^ . a v Hiathermv designated 

Whether electrodesiccation or that ^ aim should be to 

as the clectrocoaguladon method is In lesions involv- 

destroy the gro%vih completely at a single operatic . 



Electrocoagulation tomb ii] 5 

ing cutaneous surfaces, the detntalized tissue should, as a rule, be 
removed immediately, either by excision or curettage, which usually 
can be accomplished without hemorrhage. In some instances it is best 
to permit the electrodesiccated slough to separate naturally without 
curettage or excision. For example, it is best not to excise or curette 
an angioma after electrodesiccating it. The instrument used for exci- 
sion should, if possible, cut through the tissues already electrocoagu- 




Fjc ^ — Very advanced basal-cell 
epithelioma involvinj: cheek, osseous 
structures, and parotid gland Had 
resisted x-ray treatment. 

Fig 8 — Result of one electrocoagu- 
lation treatment under ether anesthesia 
Note absence of contracted scar, mth- 
out skin grafting; remarkable owing 
to the great extent of the disease; no 
recurrence m is >ears 
Fig. 9 — Showing photograph of same 
patient taken u years after treatment 
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lated, and not through the viable tissues beyond it. If necessary, the 
base may then receive further electrodesiccation or electrocoagulation 
treatment. 

Excision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to the maceration of the tissues by secretions, and also to the 
liquefaction necrosis caused by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 



Fio. 10 — Advanced basal-cell epithelioma ot the nose. 

Fio II.-— Showing result of one office electrodeskcation operation under local anesthesia. 
Fio. 12 — Illustrating artlhcial nose: sculpture method of reconstruction. 



Fic 13 — Squamous-cell epithelioma of nose, grade 3. 

Fic 14— Result of one elcctrodeslccation operation under local anesthesia Note 
cosmetic result 
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tissue is permitted to slough naturally, and to separate by degrees. 
The time which elapses before separation of the slough depends upon 
the character of the tissue destroyed, whether dense, loosely combined, 
friable, or necrotic, and also upon its anatomic location. It may take 
but two days in some cases for the slough to separate, and in other 
instances it may take as long as seven days. Bone or cartilage when 
subjected to electrodesiccation or electrocoagulation will sequestrate 
in from about six weeks to two months, depending upon the intensity 
and quality of the current employed for its devitalization. 



Fic IS — Bssal-cell epithelioma of the nose 
Fic. i6 — ^After one electrodesiccation operation. Note cosmetic result. 


Electrosurgical Methods and Irradiation 

Since electrosurgical methods, radium, and x-rays are so frequently 
employed together in the same case, one method cannot be properly 
discussed without also considering the others. In dealing with localized 
oeni^ or malignant lesions, the superiority of these electrosurgical 
jnethods over irradiation is shown by definite histologic changes, and 
y the critical comparison of clinical end-results. This may be ex- 
P ained by the fact that where electrosurgical methods are employed, 
e diseased tissue only is destroyed, and the vitality of the sur- 
rounding normal structure is conserved Subsequent treatments by 

0 ectrosurgery, should they be necessary, offer quite as good a pros- 
pect of success as though the tissues had not received previous treat- 

ent, owng to this conservation of the vitality of the adjacent tissues. 

1 fl, other hand, with irradiation of such intensity as to produce a 
etnal effect upon the cells of malignant or other types of growths, 
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lated, and not tlirough llic viable tissues beyond it. If necessary, the 
base may then receive further clcctrodcsiccation or electrocoagulation 
treatment. 

E.xcision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to the maceration of the tissues by secretions, and also to the 
liquefaction necrosis causetl by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 



Fio. JO— Advanced baial-ccU cpUhctioma of the nojc. 

Tio II. — rejuH ol one otftcc etcdrwlesiccaUon optTa\it>TiUTiAtT\Dta\Mt^\htsli. 
Fio 12 — IlluUratin(;artifici.tl nose* sculpture method of reconstruction 



Fio 13 — Squamous-cell epithelioma of nose, grade 3. 

Fio 14 — Result of one elcctrodeaccation operation under local anesthesia Note 
cosmetic result. 
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Indications and Contraindications. — Owing to these resultant 
changes, irradiation should certainly not be used routinely in con- 
junction with electrodesiccation or electrocoagulation in distinctly 
localized benign or malignant lesions, with the exception of very 
malignant squamous-cell lesions (such as grades 3 and 4, according 
to Broders) when irradiation treatment in conjunction with electro- 
surgical methods should be considered for its lethal effect upon possi- 
ble outlying malignant cells, since there is a greater likelihood of 
the existence of such cells and of their recurrence in this more malig- 
nant type of lesion. However, after any treatment recurrences may 
not always be due to incomplete primary work, but rather to entirely 
new lesions occurring in soil favorable to their development. 

There are instances of advanced cases of malignancy in inaccessible 
locations in which electrodesiccation or electrocoagulation is not ap- 
plicable, owing to the involvement of xital structures and to the 
impossibility of doing complete work. Unless the lesion can be com- 
pletely removed well beyond into the normal tissue, clectrosurgical 
methods arc, as a rule, contraindicated. In exceptional cases a large 
necrotic mass of malignant tissue may be removed by electrosurgery, 
even though the work is known to be incomplete, to permit of the 
more sadsiactory, immediate use o! radium or x-rays. In such cases, 
irradiation, as the most important factor in treatment, is preferable 
to other alternatives. My experience has been such, however, that 
I feel strongly that clectrosurgical methods, with the^ exceptions 
noted, should be employed alone in primary localized lesions, where 
it is possible to remove all the disease at one operation. 

Electrodesiccation and electrocoagulation are both contraindicated, 
^•ith the exception noted, in extensive lesions that cannot be destroyed 
in their entirety wth one operation. If any of the disease is left, it will 
usually be stimulated to greater activity unless irradiation is immedi- 
ately employed thereafter. If vital structures are involved and the case 
IS inoperable, then irradiation treatment is preferred to clectrosurgical 
or other methods. 


In addition to removal by clectrosurgical methods of primary lesions 
of the very malignant squamous-cell or other types of growths, it is 
quite important, indeed it is necessary, to treat the lymphatic drain- 
ap areas by radium or x-rays, or in some instances by a combination 
of both, to inhibit or destroy malignant cells migrating to the glands, 
or to destroy the pathologic element if true metastasis has already 
taken place. In some instances it is necessary to excise the involved 
^ands, by means of either the high-frequency knife or the cold scalpel. 

especially true if the glands have broken down. Preoperative 
irradiation of the metastatic glands inhibits the proliferation of malig- 
nant cells; thus recurrence after removal is less to be feared. Post- 
operative irradiation at the site of the excised glands is also a practice 
to be recommended. 
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it is impossible to avoid lowering the vitality of the surrounding 
normal tissue by producing nerve, tissue, and circulatory changes. 
This is true, at least to a certain degree. Therefore, in case of 
recurrence, little more can be hoped from further irradiation treat- 
ment, owing to the decreased radio sensitivity of the tissues and also 
to the resultant changes before mentioned. These are facts well kno^vn 
to experienced radiologists and other close observers. 



Fic. t7,-^quainou9*ccn cplthctioma, pradc 3 , of check and angle of Ups, extending 
through into the mouth 

Fio i8 — Result of one electrocoagulation operation under ether ancsth«ia 
treatment to lymphatic drainage areas No recurrence in six years. A plastic op 
to close opening into mouth could be successfully performed 



Fic ig — Squamous-cell epithelioma of the lovrCr hp, grade 3 
Fic ^ 20 — Rr'ult of one office electrodesiccation operation and radium treatment 
neck. Note abstr o of contracted scar, and regeneration of normal tissue. 
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As before stated, electrodesiccation and electrocoagulation are 
adapted to the treatment of benign and malignant growths of the 
skin and accessible mucous membranes that are limited in extent 
and do not involve vital structures. These methods are therefore 
peculiarly adapted to the treatment of neoplasms involving cutaneous 
surfaces, as well as lesions occurring in accessible mucous membranes, 
such as are found in any part of the oral cavity and adjacent parts 
on the lip, jaw, nose, throat, tongue, larynx, eye, sinuses, orbit, par- 



Fic JS^ETtensive basal-cell epilhelioma involving whole of upper lip, antrum, nose, 
septum, alveolus, and hard palate Recurrence after excision, radium, x-ray, and serum 
treatment. 

Fic r6— Result of one electrocoagulation operation rCo recurrence in 15 years 
Fig 27 — Features constructed by sculpture method and attached to spectacle frames. 


otid gland, ear, etc. Likewise, they may be employed advantageously 
growths of the bladder, the operator working through an oper- 
ating cystoscope, or through a suprapubic opening; also growths of 
the vagina, urethra, uterine cervix, and the rectum may be treated 
hy this method. Recent experience has showi that the high-frequency 
knife may be effectively employed (or the removal of growths of 
^"^jthdominal serous membranes. 

Since malignant lesions of mucous membranes are prone to be 
^ore active than those occurring on the skin, the efficiency of electro- 
oesiccation and electrocoagulation is in some instances increased by 
e combination of the high-frequen^ knife, the cold scalpel, radium 
nd x-rays. The basal-cell type of epithelioma, occurring, for example. 
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Fic. }t.— SquamouS'CcII fpilhftioma of lip 
Fjc ji— R esult of one clcetrodfslecatlon operation. 
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The choice between local or general anesthesia in a given case is a 
matter of the personal judgment of the operator, although it might 
be stated that much of this Avork can be done under local anesthesia. 
It seems advisable that ether be removed from the room during 
electrosurgical operations, the operation being performed while the 
patient is coming out of ether. Dr. Mock states that he covers the 
ether mask with a wet flannel blanket during electrosurgical thyroid 
operations. He further adds, “Ethylene should never be used when 
electrosurgery is employed.” 



Fic jg — Squamous-cell epithelioma of floor of mouth and aheolus, grade 4. 

Fic JO — Result of one electrodesiccalion operation and radium to lymph nodes. No 
Kcurrence in 8 >cai5. 


Effects of Electrodesiccation and Electrocoagulation. — In 
addition to the electrodesiccation or electrocoagulation effect on the 
affected tissues, and to the sealing of blood and lymph channels, the 
heat penetrates beyond the area actually destroyed and devitalizes 
r^alignant cells for a considerable distance beyond, without perma- 
nently impairing the normal tissues, thus lessening the likelihood of 
local recurrence or metastasis, and conserving the maximum amount 
of normal tissue. It is, however, difficult or impossible to determine 
y any means now at our command exactly how far this heat pene- 
rates in a given case, and the depth to which the malignant cells are 

destroyed. 

Malignant cells, especially those that are least differentiated, are 
ore vulnerable to heat and are devitalized at a lower degree of heat 
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on cutaneous surfaces, such as the face and eyelids, I's of relatively 
low-grade malignancy, and though the lesions may be extensive both 
as to area and depth, even though complicated with bone involvement, 
they may be so effectively treated by the cleclrodesiccation or electro- 
coagulation methods that recurrences arc infrequent, provided the 
operations are properly performed. 

In localized squamous-ccll epitheliomas, however, on cutaneous sur- 
faces or mucous membranes, which are found to be more malignant 
in type, the results arc almost but yet not quite as good as in the basal- 
cell lesions, the results depending to a great extent upon the grade, 



Fio. s8 — Illustratins the result of an elcctrocoaRulJtion operation for rtmowl 
very far advanced rodent ulcer involvinj; the whole of the upper hp. nose, 
ethmoids, frontal sinuses, and left orbit The dun was etposed, >et the patient re 
eted and Ined for three years after the opcnlion. 


or in other words, upon the degree of differentiation in the cells, from 
the embryonic to the adult cell. This differentiation can be demon- 
strated by the trained pathologist. The recognition of differentiation 
in cells has proved a valuable guide in planning treatment. In such 
cases, radium or x-rays should be used locally in combination with 
electrodesiccatjon and electrocoagulation. When the cells are embry- 
onic in character they exhibit but slight resistance to irradiation 
treatment On the other hand, when differentiation has progressed 
they show greater resistance. Therefore, to obtain good results the 
dosage must be increased to overcome this resistance. When the 
growth is no longer localized and metastasis has occurred, it is again 
emphasized that other methods must also be used in addition to elec- 
trosurgical methods. 
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ated cells is also well established. This property of heat penetration 
should not, however, influence the operator to do incomplete work, 
for it cannot be relied upon entirely In all instances to destroy deeply 
located malignant cells. It is safer to err on the safe side by perform- 
ing radical operations when one has to deal with malignancy. The 
sealing of blood and lymph channels and the prevention of dissemina- 
tion of malignant cells should be an advantage, and might conceivably 
aid in preventing local recurrence and metastasis. The frequent im- 
mediate relief from pain after operation is worthy of note. There is 
no held of surgical specialization in which electrosurgical methods can- 
not be employed to advantage in some cases. 



Fic J4 — lUustralinK a case of epulis Electrodesiccation is a successful method of treat- 
ment, consemiJ? the maximum of normal structure 

Apparatus and Operator. — High-frequency apparatus, as devised 
oy different manufacturers, vary greatly in construction, hence there 
js a corresponding variation in the quality of the currents produced. 
The thermic intensity may be too great or too little, and an undesir- 
able faradic effect producing shock and contraction of the tissues is 
^ be expected when the improperly constructed machines are used. 
Hus lack of standardization is unfortunate, since in order to produce 
the electrodesiccation and electrocoagulation effects under ideal condi- 
tions an accurate balance must be obtained between the voltage and 
the amperage, and also between the capacity, inductance, and resist- 
ance. Thus, different operators employing various types of apparatus 
ol^thin different results. Indifferent results can be obtained, or, 
indeed, irreparable damage can be done by an operator not possessing 
practical knowledge of the various factors involved. This notation 
appropriate and most important, since a considerable number 
01 ca^s have come under observ’ation that have been improperly 
reated by electrodesiccation and electrocoagulation; thus an errone- 
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than arc normal cells. This seems (o have been demonstrated by the 
experimental work of Doyen and others and it has been borne out by 
my own practical experience. The thermic sensitiveness of these cells 
to the action of the high-frequenej' current has often been observed 
clinically and demonstrated histologically. Likewise, the greater sensi- 
tivity to radium and x-rays of embryonic cells than of well-differcnlj- 




Fw. jt— Showing tyincal mull of one elccltoenagulalion operation for e^tenshe 
squamous-cell carcinoma of antrum, hard palate, and ahrolus 

Ftc .IS.— Showing property fiUtng denture lo Wt up space, insuTmg Imptosed ip«th, 
mastication, and greater cleanliness. 




33 — Illustrating a case in which an electrocoagulation operation was 
to remove extensive carcinoma of the antrum after surgical exposure through an e 
opening The hard palate and alveolus were not involved with disease. 
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ous impression has been made on the minds of those seeking authentic 
knowledge concerning the methods. Moreover, electrosurgical methods 
can be practiced with a maximum degree of satisfaction only by those 
who have had ample surgical training and experience. These methods 
should not be considered as something distinct and apart, or as a 
specialization, but rather as a valuable adjunct to the surgeon trained 
in surgical judgment and technic, and with sufficient operative ex- 
perience. 

General Technical Considerations- — There are many variations 
in the technic of electrodesiccation and electrocoagulation to meet 
various indications. The technic cannot be completely described; it 



Fjc 39 — Showing a case of adamantinoma, assodated. as is usual, with bone cysts 
Electrocoagulation te a successful method of treatment 

must be learned by studying the technic of a capable operator and then 
further perfected by practice upon raw meat and laboratory animals 
before human subjects are treated. I desire to impress the fact that the 
technic of electrodesiccation and electrocoagulation is not simple, nor 
should the w’ork be undertaken lightly Much good can be done by 
ysing them judiciously, and perhaps considerable damage can result 
from their improper use, even in the hands of otherwise accomplished 
surgeons. Thorough preparation should therefore be made before 
engaging in what might possibly be a hazardous procedure. While 
those who employ electrosurgical methods judiciously have reason to 
they should not grow so enthusiastic as not to realize 
6 limitations of these methods, for they do have limitations. The 
cold scalpel, hemostats, and sutures cannot by any means be discarded 
from use in general surgery. 
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Hemorrhage H 

Each case should be regarded as a law unto itself, and after full 
advantage has been taken of our superior present-day laboratory and 
other facilities, should be studied, intelligently and )udicially, before 
a decision regarding the proper method, or combination of methods, 
is reached in a given case. 

Group Practice. — Since it is well-nigh impossible for one man tc 
become thoroughly proficient in the expert application of all measures 
hitherto mentioned, group practice is perhaps the best solution of 
the difficulty. If one is not in a position to employ all recognized 
methods and adjuncts, either by oneself or in group practice, one 
should not attempt to treat cancer, except, perhaps, in selected cases 



Hemorrhage. — ^\Vhen electrodesiccation or electrocoagulation is 
correctly employed, hemorrhage during, or immediately after, the 
operation is not likely to occur. Secondary hemorrhage may possibly 
occur several days later at the lime of separation of the slough, when 
toe larger vessels have been electrodesiccated or eleclrocoagulated 
through. Usually, however, organization has taken place by the time 
the slough separates and the terminal ends of the vessels have throm- 
osed, thus preventing hemorrhage. This, however, cannot always be 
upon. This risk, when such a possibility appears to exist, 
should be obviated by prelimina^ ligation of the involved blood 
vessels, if it is practical to do so in a given case. This is especially 
rue when the electrodesiccation or electrocoagulation method is em- 
P oyed, in ^yhich case sutures are not used and the wounds must heal 
y granulation. \\Tien the high-frequency knife is employed, the larger 


IS [vSi?mVn° Electrosurgical Methods 

Operators should therefore be trained to know when other methods 
arc indicated In preference to electrosurgical methods, and also when 
other methods should be used in conjunction with them. Contrariwise 
they should not employ cold scalpel surgery when electrosurgical 
methods can be employed to better advantage. We should not lose 
sight of the respective value of the cold scalpel, the high-frequency 
knife, radium, and x-rays, especially in cancer work, each having a 
place in modern practice. Electrosurgical methods cannot be practiced 
to full advantage without according to the other methods full and 
equal consideration. Elcctrosurgcry is but one, though a valuable, unit 
in the progressive surgeon’s armamentarium. 



FfC. 40.— EMcnsi« squamous-ctll <pl- 
Ihcitoma ol tonpuc and floor ol inouln, 
Fnde t. 

Fjc. 4t.— Appearance after amputation 
of toncue by the clectfOCMRulallon 
method nnd radium treatment to lyn* 
phalic drainaRC areas in neck 

Fjc 4i.— ShowinR artificial _ tongue 
made ol cotton, thus materially improv- 
in? speech 
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of the high-frequency knife. Some surgeons of experience who have 
weighed both methods in the balance prefer the latter method. 

May I stress the important fact that the use of the electrodesicca- 
tion or electrocoagulation method of treatment will frequently reclaim 
cancer cases that would have been quite hopeless were these methods 
not available. 

Histologic Studies. — The microscopic picture of neoplastic tissue 
submitted to electrodesiccation presents typical characteristics. While 
the cells still retain their outline, they appear shrunken, elongated, 
and dried up. Evidence of such degenerative changes as hydropic 
or fatty degeneration is not discernible. The blood vessels in the 
immediate and adjacent field of operation are thrombosed. 



45 — Illustratinff a case of advanced squamous-cell carcinoma, CTtending through 
ine cheek, also invoIvinR the alveolus, floor of moulh. and tonRue, with metastasis to the 
cerv-ical glands Much of the cheek and diseased parts in other locations removed by 
e cclrocoaculation, lower Jaw resected, and radium used interstitially m the glands After 
"‘tnout recurrence, a plastic operation was performed, utilizing a flap from the 
iVo recurrence in 15 years. 

In tissue subject to coagulation there is complete loss of cell out- 
hne. The neoplastic cell element seems to have fused into a struc- 
homogeneous mass, with a resulting hyalinized appearance, 
ine blood and lymph channels are thrombosed. The secondary and 
changes in all such lesions are degeneration and fibrosis. 
'V nether the fibrous and connective tissue shall be abundant and 
cense, or less abundant and soft, is influenced by the amount and 
nature of the accompanying degenerative and necrotic material, which 
in turn are determined by the particular type of irritant. Thus, after 
^ fibrosis is slight, and the resulting scar is soft 

j pliable. Following electrocoagulation the fibrosis will be more 
or less abundant, the amount depending on the intensity of the heat 
generated and the consequent degree of frame destruction. 
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vessels should ahvays be ligated and the incision closed by proper 
suturing; the wounds are then expected to heal by first intention. 
Disappointment in this has, however, sometimes occurred, depending 
for the most part upon the dexterity and the experience of the operator 
in the use of a new method and instruments. 

Gastrostomy and Colostomy. — ^Incases of mouth and throat ma- 
lignancy, when a patient’s vitality is low and he is undernourished 
o^ving to his inability to ingest the proper amount and quality of food, 


Fio. 44. — Illustration of exostosb of hard palate, which is 

to maVc possible s properly SttinR denture, and for other reasons. 
ideal for the reino>‘aI of this lesion and the danger of breaking through into toe 
is rninimized. 

and when tube feeding through the nasal passage is impractical, a 
preliminary gastrostomy should be performed and the patient fe 
through a tube until in proper physical condition to withstand tne 
proposed operation. It is noteworthy how some patients improve 
physically after resorting to the rational expediency of gastrosto^. 
A gastrostomy can readily be done under local anesthesia, and tne 
opening in the stomach can be closed after it has served its useiui 
purpose. It is likewise prudent in the majority of instances to perform 
a colostomy before attempting treatment of cancer of the rectum. ^ 
There are numerous other circumstances frequently met wherein 
the combination of the cold scalpel and some form of electrosurgery 
can be employed to advantage. Such operations as gastrostomy and 
colostomy may be performed either by the cold scalpel or by means 
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shorter operations, the decrease in trauma, and tne greater possibility 
of sterilization are the chief advantages of the method. 

At a conference on electrosurgery during the meeting of the Amer- 
ican College of Physicians in Philadelphia, October, 1930, Dr. Howard 
A. Kelly spoke upon the subject of electrosurgery in part as follows: 
In brief summary, some of the conditions with which we deal are: 
Various malignancies about face, lips, mouth, tongue, fauces. 

For carbuncles it renders signal services in exsecting the diseased area, 
leaving a clean, sound, aseptic, rapidly healing wound; in fact, it undoubtedly 
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Conclusions Regarding Electrodesiccation, Electrocoagulation, 
and Combined Methods. — EIcctrodcsiccation and electrocoagulation 
when employed with correct technic arc perhaps the most satisfactory 
methods yet designed for the treatment of localized neoplastic and 
allied lesions of the skin and mucous membranes. The cold scalpel, 
the high-frequency knife, radium, and x-ray arc also valuable and 
indispensable in their respective roles, and in some instances they may 
be used advantageously in combination with elcctrodcsiccation and 
electrocoagulation, each method complementing the otlier. 



Fro. 46— Illustntin); line of cxcWon to e’cpo^e maliftranl disease of the upper Jaw, 
anterior narrs antrum, floor of orbit and buccal surface preliminary to treatment by 
electrocoagulation. 


High-Frequency Knife 

Otving to the flexibility of the high-frequency currents, it is possible 
so to regulate the capacity, inductance, and resistance, wth variable 
degrees of damping, as to permit cutting through the tissues "’1^^ ^ 
suitable electrode quite as accurately and as cleanly as by the cold 
bistoury; moreover, the wounds will heal by first intention. I had 
the opportunity of experimenting wth, and reporting to the manu- 
facturers upon, one of the first practical machines and instruments 
designed for this work about one year before it was adopted for 
practical use. Dr. George A. Wyeth, of New York City, following up 
these studies, first called the attention of the medical profession to 
the perfected cutting current in a paper read before the Surgical 
Section of the New York State Medical Society in Rochester, N. Y., 
April, 1924. Schmidt, Kelly, Ward, Cushing, Mock, Trowbridge, and 
others later contributed toward the development of this method. 
Surgeons throughout the world are now widely employing it in major 
surgery, including abdominal, intestinal, thyroid, gynecologic, genito- 
urinary, nose and throat, eye, ear, and brain surgery, especially in the 
case of neopla' ; diseases The minimized primary hemorrhage, the 
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sulaling tissues by coagulation. In the spinal cord it is easy to prognosticate 
a use in all lesions where it is simply necessary to divide a nerve trunk or to 
destroy benign or malignant growths in situ without the usual protracted 
manipulations for exposure and removal with the attendant traumatisms 
In all these operations, it is advisable to maintain the careful technic of 
the operating room in major and minor surgery. This should be done for our 
own sakes and in no wise to impress the patient. How far we may safely 
modify our stringent technic will appear only after considerable experience. 

In closing, I feel profoundly thankful that our honorable society, composed 
as it is of our leading surgeons, is seriously taking this matter in hand. 
Personally, I give thanks for such a new and potent adjuvant, vfhich sim- 
plifies our technic, speeds the operation, does many things better, and some 
things heretofore impossible, while it greatly lessens pain and the liability to 
subsequent infections (Surg. Gyncc. Obst., p. 503 (Feb. 15) 1931.] 

Dr. Oscar E. Nadeau, Chicago, III., summarizes his experience as 
follows: “The electrosurgical unit in its present state of development 
is a distinct advantage in modern surgical technic. New indications 
are found every day. It is a new method, the details of which must be 
thoroughly familiar, not only to the surgeon, but to the entire staff 
of assistants and nurses.” [Surg. Gyttcc. Obst., p. 51 1 (Feb.) 1931.] 

_ Dt. Howard LilUenlhal, oi New York City, at the conference men- 
tioned drew from his experience the following conclusions: 

1. The electric method under discussion promises to be a great aid in 
general surgery. 

2. The tendency to wound infection is greatly reduced. 

3 ' Hemostasis is quick and sure. In my small series of cases there has 
been no secondary bleeding 

4 - Healing has been normal in rate and in firmness. The time is too 
short to form conclusions as to keloid Thus far 1 have not observed this 
condition. 

5. MTien local anesthetics were employed, my impression is that there 
have been electric subjective reactions ot pain, and that the pain or 

mscomfort was more than when the scalpel was used. On dividing muscle, 
has been more twitching than is ordinarily seen on knife section, 
is caused by faradism due to improper windings in apparatus — 
W. L. Clark.) 

6. The apparatus must be properly managed Its liability to get out of 
^der, or to diminution in functioning power, may have to be considered. 

nus far I have not noted deterioration of this kind. It seems to me that the 
e ectric method is extremely valuable in general surgery, and that the wounds 
hi^®ly to be aseptic than those in which the scalpel is used, 
tn this discussion I have not dealt with the technical part of electro- 
There is danger of produdng accidental burns by contact of 
e electrode with metallic bodies in the wound, such as metal retractors or 
ery clamps. I believe that the pnncipal use of the new method in 
general surgery will be for making incisions in the soft parts, including the 
■ 'n, and of course, in the removal of lesions outside the body cavity, 
buf electrode on the tissues seems to be that of intense heat, 

the intensity is so great that wrth the cutting motion there is rapid 
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replaces the actual cxulcry which ha$ been Rrowing in favor, and is infinitely 
superior to the wretched poulticiop. 

No method outside of the woncicrfully effective services of radium is worth 
considering in dealing with malignant tumors of the scalp. 

In malignancy of the shin in all parts of the body, electrosurgery is second 
only to radium; it supersedes radium in nevi. Often when the use either of 
the x-ray or radium has been overdone and there still remains a sclerosed or 
an extensively ulcerated mass, nothing approaches the efficiency of the exsec- 
tions of electrosurgery. 

Epitheliomas of the dorsum of hand or wTist, even when the groxvihs ex- 
tend into the tendons, are admirably handled by clcctrosurgery, which is 
secondary only to radium well-managed. 

For certain urcast cases it Is supreme, cspeci.illy in the presence of nodular, 
ulcerated, massive scirrhous breasts, xvhen there is not a shadow of a hope 
of a successful removal by classic methods. In such case electrosurgical e.xtir. 
palion of the mass often proves of inestimable value in stopping the pain 
and the discharges, as well as in freeing the poor victim of the unsightly re- 
minder of a doom dally approaching. Nor ncc<l one always hesitate e\en 
when there is fixation of one or more massive glands. After the main mass 
is removed, areas of lingering disease can often be coagulated out of wisl- 
ence and glands can be removed, or, with the fire of the heavy flashing 
current, destroyed in sUu and left to be absorbed. Some patients in this group 
e.xpress more latitude for relief than others do for a radical cure. In m^y 
instances recurrences are slow to occur and when the patient is old, it be- 
comes a special blessing, as she may go to the end apparently cured. 

Malignancies about the abdomen offer a fertile field for electrosurgery. We 
can destroy papillomatous ovarian implants faster than it can 
Small areas of carcinoma are readily destroyed and left where found, while 
a scirrhous nodule in the intestinal tract can be widely deslro3^d even 
through into the lumen of the bowel, and aUandoned after turning it m and 
suturing the wound with a couple of Lembert sutures. In resectipg the bo\vel 
for malignancy, if one finds an affected gland in the fork of a large myen- 
teric vessel distant from the field of operation, it can be wped 
existence by puncturing it and coagulating the whole gland, if 
by grasping the vessels with the fingers to limit the transmission of the heat. 

Malignant vulvar disease should always be removed by electrosurgery and 
any inguinal glands sparked out of existence. 

In experiments on the liver and kidney, Ward and Pearse have ^ 
portions of both organs with a marked lessening of the hemorrhage. In e 
liver there was practically no bleeding during excision of a complete o . 
In nephrotomy and partial nephrectomy, in spite of the large arterial supp y 
of the kidney, bleeding was markedly diminished in the peripheral areas, 
the neighborhood of the pelvis, (he larger vessels required clamping an - 
agulation. Scott has carried this into the clinical field, removing portions 
the kidney for tumors and stone. , ... • 

Electrosurgery is opening up a large field in brain work as it wi_ 
spinal cord surgery. In the brain, as shown by Cushing, electrosurgery is 
the greatest value in opening up the meninges, in making a safe 
an abscess, and above all in the effective handling of hemorrhage. It 
enlarges the field of control over malignancy, simplifying the remova 
the disease in sterilized “curls" and in the further treatment of the encap- 
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tends, perhaps, to prolong solid union. This is, of course, not necessarily 
the fault of the electric technic, for slow healing in fat subjects is never 
surprising. Broad approximation of wound surfaces and an interval of a 
day or two longer before removing sutures are advised 
The electric scalpel cuts so keenly and with so little pressure on the 
tissues that great care must be taken not to go deeper than is intended. 
For e.xample, in dividing the abdominal wall the peritoneum should be 
entered in the usual way with knife or scissore for fear of injuring the 
viscera by the current. In the region of large vessels or of important nerves, 
the greatest delicacy of manipulation must be observed. 



Fic 53— .Large round-cell sarcoma involmg face, anlnim, malar bone, floor of orbit, 
and ethmoid sinuses, as well as tissues wilbin ibe orbit 

Fic 54 — Showing result of one radical electrocoagulation operation including e.wnter- 
ation oI orbit. (No other method could possibly have produced such a result ) 


The outstanding features of electrosurgery are the saving of time, the 
greater assurance of asepsis, and the reduction of what may be called 
the massage effect, so dangerous in operating through infected or neoplastic 
structures. [ 5 «rg. Gynec. Obst , p 51J (Feb.) 1931.] 

Dr. Edward L. Keyes, of New York City, spoke conservatively, 
though in the main favorably, of electrosurgical methods for certain 
opwations in the genilo-urinary field. 

tJr. John D. Ellis, of Chicago, in his paper, “The Healing of Elec- 
rosurgical Knife Wounds,” summarizes as follows: 

®"ly 60 per cent of electrocutting skin wounds in dogs where the 
inimum of current was used healed by primary intention, as compared 
° 97 -S per cent of scalpel wounds. 

- I . cent which healed did not present a tensile strength 

equal to the scalpel wounds for 21 days 
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linear disintegration of tissue with minimum charring or coagulation. A 
cautery blade of the ordinary type loses its heat by contact with the tissues, 
so that coagulation is more massive and the knife sticks to the sur- 
face of the wound. With the electric scalpel, on the contrary, the wound 
is clean cut, and except for the absence of bleeding, its edges in skin in- 
cisions resemble those made with the sharp knife. 

Skin, fat, and muscle 'arc divided without apparent effort by the operator, 
and denser structures such as fibrous tissue m.iy also be sectioned, but 
more slowly. Capillary oozing Is practically absent. With the rapid cur- 
rent which I have used in my operations, there is bleeding from many 



Fio 51— Extensive basal-ccit epithelioma ot the rodent utter type, invoKing the 
abdomen, two ribs, and at one point ettendinp almost through to the peritoneum. 

Fic sj — Result of one electrocoaculation operation under ether anesthesia. No recu^ 
rente in 6 )cars. No other method but eleclrocoagoiation could haw accomplbhed suen 
a good result 

of the smaller as well as the larger vessels svhen they are divided, but 
this depends, of course, on other things than the mere division of the vessel, 
e. g., the coagulability of the blood and the elasticity of the vascular walls, as 
well as the hydrostatic pressure in their lumen. All bleeding points are 
caught with forceps. ^Miether a vessel needs to be ligated, or whether it 
may be permanently sealed by touching the clamp with the coagulating 
electrode, can be determined only by experience. ... As a rule, however, 
a small spurting vessel which has been sealed should not bleed on lightly 
sponging the wound. If there is any doubt, ligation should be done as 
in ordinary surgical procedure. In any ev-ent, I believe it is safest to deal 
individually with wounds of the vessels. Secondary hemorrhage in the absence 
of suppuration is no more likely to occur after an electrically made woun 
than after an incised one. I confess to insufficient experience to gen- 
eralize too certainly in this matter, although in some of my cases the 
wounds have been very e.Nlensjve. When there has been neat approxtnia- 
tion, primary union may be confidently expected, I feel, however, tna 
in the electrically produced wound the presence of a thick adipose layer 
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I. Rapid and complete severance of the tissues, whether for removal 
or simple incision through normal or abnormal structures. The rate of speed 
in handling the electrode, together with the power control, governs the de- 
gree of dehydration and the electrocoagulation of the severed surfaces, and 
hence controls or checks the bleeding or oozing from capillaries and also 
seals the lymph vessels, thus giving a clear operative field. Such a clear 
operative field favors an easier and quicker operative technic, together with 
the elimination of the obstructive hemostatic forceps and the constant 
and bothersome use of gauze sponging, thus reducing the time limit of an 
operation — major or minor — ^to a minimum. \Miile the smaller blood vessels 
are thus controlled by the dehydration of the cutting electrode, the larger 
vessels should invariably be ligated as a procedure of safety. 



Fic 57 — Basal-cell epithelioma involniut upper and lower e>elids, canlhus, and 
conjunctiva 

Fig 58 — Showing a t>pic3l result of the electrodesiccation remocal of such lesions 
I ha^e peisonally treated over 300 cases of epithelioma of the ejelids and canthi, and 
ay etperience indicates the great value of the electrodesiccation method in these lesions 


2. The facility of using the electrosurgica! knife is acquired only by 
thorough study of the manipulation, and strict attention to the principles 
gov^ping the use of the same upon living tissues of the human body after 
multifold e.tperimentation upon a nonviable subject. 

In so using the electrosurgical knife, it has been the custom of the 
witer to entrust the management of the foot switch — which lets on or re- 
leases the current — to the trained assistant operating nurse, who at the 
announcement of “on” or “off” controls the current. This feature cannot be 
emphasized too strongly, inasmuch as the operator should give his sole 
to the technic of the operation and not be disconcerted by the use 
of either foot on the switch; then, too, the operator can then be free to 
chMge hb position as the exigencies of the operation demand. 

, ^ should never be allowed to use the electrosurgical knife on 

*>e living human body, nor should any surgeon attempt to use it w'ithout 
previous close study of its applicability and manipulation. 
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3. Incisions of the stomach and muscle with the electric knife present 
a much more satisfactory percentage of union and strength of cicatrization 
comparable to the wounds with the scalpel, cvcepl that the electrocutting 
wounds of the stomach were notably weaker at the midpoint of healing. 

Dr. A. C. Scott, Temple, Tc.xas, in his paper, “Elcctrosurgery in the 
Treatment of Malignant Disease,” staled, “Observation in the use 
of the loop cautery knife in more than 1,500 operations for malig- 
nancy leaves us with no other alternative than the conclusion that 
at present it is the safest and most dependable means of eliminating 
local recurrence of malignancy after major surgical removal.” 


Fio. ss<— Extensive basal-cell eplthcliofna Involving the eye, all tissues in the or 1 
bone, nose, and tissues surrounding the orbit. 

Frc. 56 — Result ol removal of diseased tbsuc, IncludmB complete exenteration of 
orbit by the coagulation method. 

Other papers by Dr. H. F. Pierce, Ph. D., Baltimore, JId., Dr. A. L. 
MacLean, Baltimore, Md., and Dr. Boxvman C. Crowell, Chicago, 11 
commented favorably upon the possibilities of the high-frequency 
knife in general surgery. _ . . 

The following has been contributed by Dr. Edward H. Trowbridg , 
A.M., M.D., F.A.C.S., of Worcester, Mass.: 

In the employment of any special instrument or apparatus in surgery, 
certain prerequisites are obvious. 

A. General applicability. ^ .j 

During the past three years the electrosurgical knife has “ 

in all operative cases in the Harvard Private Hospital, Worcester, J> » 
whether major or minor in character, such as incisions through the 
wall, cholecystectomy, appendectomy, cystotomy, abdominal hysterec 0 y 
(supravaginal and complete), cesarean section, amputation of cervix. 

B. The various features of the electrosurgi'oit knife are as follows: 
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ceps, which would obscure the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer is an ardent advocate of the electrosurgical 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc., whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 
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The advanlaRcs in the use o( such an cicclrosurRical knife are readily 
comprehended as when employed in (he removal of the gallbladder, and 
likewise in pelvic surgery, where the structures to be removed are so deeply 
situated, and, at times, so difficult to manipulate. 

3. The healing of the tissues. 

Primary healing is invariably obtained, and the ideal line of union is the 
pleasing result. This result, however, may not be achieved if the tissues be 
subjected to a too extensive dehydration of the cut surfaces, and a slight or 
somewhat enlarged slough be caused, and healing be thus retarded. Such 
a condition did occur In the experience of the writer in doing a cystotomy 
for the removal of two large calculi on a person with thick abdominal wall. 
This case WTis among those first operated upon with the use of the knife, 
but no such c.xpcricnce has occurred since that time. 



Fio. 59, — Showing a recurrence after surpcal exebion of a small round-cell sarcoma 
of the lo^^cr eyelid 

Fic_ 60 — Asain lllustratina the result of one eleclrodesiccatlon operation without 
cicatricial contracture, and repeneration o( normal tissue. Patient can close eyelids, and 
vision b not impaired This case was followed for eipht years and no recurrence was 
obser^xd. 


4. After-results. Very little or no opiate at all is required postoperatively. 
Drainage in less amount — drainage tube removed within shorter interval 
(two to four days). 

Case of complete hysterectomy on January 2, 1932, age 70, operation 
refused for over two years; relief demandwj by patient. The electrosurgical 
knife used in opening the abdomen and in severing the broad and round 
ligaments and in severing the cervix from the vaginal junction; a boggy 
uterus, size of grapefruit exposed with two fibroids size of English walnut 
on either side of uterus just above cervix. The uterus was so rotten at 
the cervical junction that the tissues were easily torn when traction was 
made, and hence the necessity of removing the uterus as in supravaginal 
technic and then the cervix subsequently. 

In all this procedure the minimum amount of blood was lost; such a 
favorable resul however, could not have been possible had the ordinary 
scalpel been used Then, too, the necessity of using several hemostatic for- 
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ceps, which would obscure the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer is an ardent advocate of the electrosurgical 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc , whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 



Fio 6i— Melanotic sarcoma involving the orbit, ethmoidal and frontal sinuses 
Flo — Result of one electrocoagulation operation. 

Flo 6i. — Showing artificial e>e and brow by the sculpture method 
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extensive, the elcclrodcsiccation method admirably fulfils these re- 
quirements. Given a case of epithelioma of moderate size on the face 
or other locations mentioned, requiring complete removal, the technic 
of an electrodesiccation operation is briefly described as follo\vs: 

Technic. — The patient should lie in a convenient position on an 
operating table. Preliminary cleansing and sterilization of the operative 
field is first practiced as in any surgical operation. Novocaine (r per 
cent) anesthesia by infiltration well beyond the lesion has been found 



Fic 66 —Congenital cavernous ancioma of the orbit. 

Fio 67— Showinji complete exenteration of the orbit by coagulation E>clld was 
di^ded and dissected back so as not to be injured by the current. 
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to be quite satisfactory. After the current is regulated to the proper 
intensity as hitherto described, it is passed through a sharp serving 
needle, held in a suitable handle, of which there are several tj’pes 
available for the purpose on the market. Owing to the relatively 
high voltage of the current producing the electrodesiccation, it is not 
necessary to employ an indifferent electrode anywhere on the patient’s 
body to complete the circuit. The current is carried to the ground, thus 
sufficiently completing the circuit through the patient’s body. 

The growth is then electrodesiccatcd through its area and depth 
(according to the general technic described under the heading 



70 — Glioma of the retina. Recurrence alter regular surgical removal In five 
«« It had recurred and progressed so rapidly that the growth measured 25 inches in 

circumference. 

. — The outside lesion as well as the disease in the orbit was remold by the 

ctrocoigulatton method No recunence in 0 months, when the child died of another 
tusease, the character of which was not determined 


ETECTRODESiccAriohr), after first systematically ctftting off the blood 
"’ith the current in the normal tissues well beyond the disease, 
J* U be malignant. This preliminar>' practice is designated by Kelly as 
circumvallation.” After the lesion has been thoroughly devitalized, it 
may be curetted away if soft and friable, or e.xcised by scissors, cold 
scalpel or the high-frequency knife tf dense and firm. The cutting, 
o^ever, should be done through the electrodesiccaied tissue if pos- 
si le, and not beyond it into the healthy tissue. There should be no 
primary hemorrhage, and indeed, no secondary hemorrhage, unless 
, vessel has been electrodesiccatcd through. Precautions 

Quid be observed to obviate this possibility as hitherto described, 
e wound is dressed according to classical surgical rules, the remain- 
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ing slough is removed when separation takes place, and healing may 
be expected to progress rapidly. The curative and cosmetic results in 
a great variety of neoplastic lesions on the face and adjacent parts 
are superior to other methods designed for the purpose. 

Neoplasms of Lips, Oral Cavity, Jaws, Orbit, and Sinuses 

Electrodesiccation and electrocoagulation arc adapted for minor 
operations and also for the radical removal of benign and malignant 
growths in these locations. The advantages of these methods, accord- 



Fjo. ShowinR a cafe of sciuamoui-fell cardnoma of Ihe vocal cords, 
electrodesiccation by direct dsion throuRh a larynpotomy opening. Radium treatmen 
was also given from the outside. No recurrence in lo years. A similar result was obtain 
in two other such cases 

ing to my experience, are the comparative freedom from hemorrhage 
in otherwise sanguinary operations, the conservation of the maximum 
amount of tissue, the ease of devitalization and removal of bone even 
when the involvement is extensive, the immediate relief from pain 
(which in these cases is often excessive), the absence of contracted 
scars, and the conservation of vitality in adjacent normal tissues. 
In case of recurrence another operation can be performed^ with as 
good a chance of success as before the first operation. This is not 
true of radium or x-ray treatment, for once treatment to saturation 
is accomplished, nothing more can be expected from their use at any 
future time. E%'en after radium or x-rays have been employed to the 
limit without success, or after recurrence following their use, electro- 
desiccation or electrocoagulation may still be used with a fair chance 
of success. With increased personal experience with all surgical and 
irradiation methods I am impressed with the inferiority of the older 
surgical method*; for the removal of neoplasms in the locations under 
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Neoplasms of Lips, Oral Cavity, etc. 

discussion, and the superiority of the electrosurgical methods in these 
locations. I am also led to the firm conclusion that radium should not 
be employed in intensive doses near bone, since radium necrosis of 
the bone is almost certain to occur sooner or later, and that condition 
is almost as serious to the patient as the malignant lesion for which 
it was employed. For example, in the light of present knowledge it is a 
most reprehensible practice to apply radium in the maxillary sinuses. 
It may be employed from the outside, however, with comparative 



Fig 73 — MLted-cell sarcoma of bulbar conjuncliv'a and comra. 

^ Fic 74 — Result of one electrodesiccafion treatment, with no perceptible scar and no 
irapairincnt of vision This case illustrates the practicability of treating growths near the 
cornea. Many such lesions have been successfully treated 


safety, since the advantage of distance is obtained, and filtration of 
softer destructive rays is then possible. Radium or x-ray treatment 
to the lymphatic drainage areas is a different matter, and the use of 
one or the other should be the routine practice. I am strong in the 
belief that all primary lesions in the locations mentioned should be 
removed by one or the other of the electrosurgical methods, for 
reasons that are so valid that possible arguments against such practice 
easily be answered. 

When it is considered that the mandible (from the median line to, 
3nd including, the maxillary mandibular joint) can be resected, half 
of the upper jaw removed, the tissues in the maxillary sinus and the 
bony structures enclosing it ablated, the orbit exenterated, and the 
“Ontal and ethmoid sinus cleared of disease without serious hemor- 
rhage or great surgical shock, by a single electrocoagulation operation, 
rhen an idea is given of its potency and range. 
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If enthusiasm there be, it is pardonable upon the basis of facts and 
matured appraisement. One who has seen the curative and cosmetic 
effects of an electrodesiccation operation upon epithelioma of the lower 
lip, for example, would not again seriously consider excising it by the 
older surgical method. 



Fio. 75 —Basal-cell epithelioma InvoKine the ear, parotid phnd, surrounding tIssueSi 
the mastoid bone, and the ear canal, extending almost down to the tympanum. 

Fio 76— Demonstralins the fine control by the eiccirodesiccation method One such 
operation was pettormed under ether anesthesia. Both {actil ncr\’e and hearing were 
conserv'cd Note cotton in ear canal (or cleanliness and protection. 



Fic 77. — Sq.i Lious-cell carcinoma, grade 3, of ear and mastoid region, tnduding 
involvement of 1 ne 

Fic. 78 — R' alt of combined electrocoagulation and radium treatment. No recurrence 
in t4 years; patient still livin^t 
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Technic. — As another example of technic, a description of amputa- 
tion of the tongue for advanced cancer by the electrocoagulation 
method has been selected, and it is as follows: 

If the case is far advanced with considerable emaciation, it is 
proper to do a preliminary gastrostomy. This has several advan- 
tages, namely, it permits of the building up of the patient’s strength, 



Fig. 8a — Showing typical T-ray lesion on band of pioneer worker. Lesion o 
IS squamous-cell epithelioma. The clectrodcsiccation method has pro%-ed satislactory 
treatment of many similar lesions. 


relieves the pain incident to swallowing, and frequently results m a 
considerable reduction of the swelling and induration in the tongue and 
pharynx, following the rest given to those parts. The tongue can then 
be readily electrocoagulated through its base and excised. Primary 
and secondary hemorrhages are unusual. To diminish even the small 
risk, it is wise to do a preliminary ligation of both external carotid 
arteries. Ether anesthesia is employed; the ether should be removed 
from the room and the fumes fanned away when the patient is fully 
anesthetized ai d before applying the current, else the vapor 
ignite Shoulf .e operation be unusually prolonged, and should the 
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patient show signs of regaining consciousness, it may be temporarily 
discontinued as often as required while ether is again administered. 
Frequently the operation is of such short duration that the use of ether 
a second time is not necessary. Scopolamine, i/ioo grain, and mor- 
phine, yi grain, may, in some instances, be used hypodermically one 
hour before the administration of ether. Less ether will then be neces- 
sary, and the immediate postoperative discomfort mil thus be mini- 
mized. 

Since electrocoagulation is produced by a current of relatively high 
amperage and low voltage, an indifferent electrode placed on some 
part of the patient’s body is necessary to complete the circuit. This 



83^-Showing squamous-cell epithelioma in skin of abdomen, a late result of 
treatment for a fibroid tumor of the uterus This was before the days when 
filtration were well understood A coagulation operation 
red this patient, and complete healing was accomplished without skin grafting. 


electrode may be made of block tin or some other flexible metal, or 
electrode, made, for example, of asbestos or heavy towels, 
"nich is in turn covered with some metal. These electrodes should 
8 X 10 inches, more or less, depending upon the size 
0 the patient. The indifferent electrode selected should be placed low 
uonm on the back of the patient, the weight of the body holding it in 
P ace and insuring a good contact. A good contact at all points is 
important, else sparking to the body might cause a localized high- 
“Cquency burn. 

. separating the jaws with a mouth gag, a heavy silk suture 
through the tip of the tongue from side to side, by means 
k ^ organ is drawn w'ell forward. The coagulation needle is 
^*^°.^Sht in contact with the dorsal surface of the tongue as far 
OK as IS necessary, and the current turned on either by the operator 


40 • Electrosurgical Methods 

by means of a foot control, or by an assistant on signal. The needle is 
slowly moved across the tongue, and after the surface is coagulated, 
the needle is carefully inserted into the tongue to the proper depth 
at different points, allowing electrocoagulation to take place as the 
needle penetrates. This having been thoroughly accomplished, the tip 
of the tongue is elevated by means of the attached suture, and a 
straight sharp sewing needle of proper length is substituted for the 
curved needle previously used. The frenum is then coagulated, and the 
electrified needle is inserted bel\i'ccn the tongue and the floor of the 



Fio S4— Small round-cell sarcoma ln\-oMnc l»<isue of the fcrrheatl and 
and eatendint; throush into the front.il slmis and upper and Io«er eyelids of botn eyes 
Vision lost through mechanical closure of lids. 

■,Fio, SS.— EleclrocoaRublJon not indicated oninc to Invohement of such stnictures M 
w6uld result In loss of vision Kadium needle treatment employed 'nth cTcellenl result- 
Shading appearance three weeks after treatment. 

Fio S6. — Showing final result ratient lived three and one-half years after treatment, 
and finally died from extension of disease to the brain. 


mouth. When electrocoagulation is again completed, curved sassors 
•may be used to cut through the electrocoagulated area on both sur- 
faces, and the tongue is then separated from its attachments and 
■jremoved. 

After-Treatment. — The after-treatment consists of simple anti- 
septic mouth washes, and the application two or three times daily oi 
a weak solution of hyposulphite of sodium, which sterilizes, deodor- 
izes, and tends to keep the slough free from maceration. Care snoum 
be taken not to remove the slough prematurely, else secondary 
rhage might occur. Such a major electrosurgical operation should he 
performed in a well-appointed operating room, using the same prepara- 
tory technic as in any surgical t^ration, though the nec^sity tor 
sterilization is not as great when the electrosurgical methods are 
employed as ivhen the cold scalpel is used. 
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Fio 87^MLT«d>ceII sarcoma of the shoulder. Fecurrence afler two surgical excisions 
Fic 88— Result of combined electrodesiccation and radium treatment Patient lived 
8 years without recurrence 



The M tjpical recurrence of melanotic sarcoma after surgical cTcision 

methorf*^ k in this case was controlled by employment of the electrodesiccation 
ciimK.j ^hen new foci appeared The patient Ii\ed for sJ4 jears, and finally sue* 
'•““Md to laeUstasis to the lungs 
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Hemorrhoids and Other Rectal Lesions 

The elcctrodesiccation method has proved most satisfactory for the 
removal of internal hemorrhoids, fissures, fistulas, papillomas, ulcers, 
and localized malignant lesions of the rectum. The following technic 
for hemorrhoidectomy is almost identical with that of the clamp and 
cautery operation, except that elcctrodesiccation is used as the active 
agent instead of the cautery. 

Technic. — The usual preparation of the patient is carried out. Local 
infiltration anesthetization by classical technic may be employed. 



although in some supersensitive individuals a general anesthetic, pre - 
erably ether, is used. Caudal anesthesia is preferred by some opera- 
tors. After stretching the sphincter muscle sufficiently, each hemo - 
rhoid is pulled down in turn by means of suitable tenacula, ^ 

pile is clamped at its base in the direction of the muscle fibers, , 

are at right angles wth the anus. The pile is then electrodesicc^e 
(by the technic described for other lesions) do^vn to the clamp, t 
clamp is then removed and the hemorrhoid is permitted to slo^g 
away, or it may be excised at once not quite do\vn to the clamp, lue 
latter method is preferred. Postoperative hemorrhage is not great y 
to be feared, there is no resulting cicatricial contraction, and as a 
rule postoperative discomfort is not great. In some cases, however, 
it is greater than ‘n others. Patients should be hospitalized and remain 
in bed for a few days as a safe precautionary measure. The electro- 
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desiccation method for removing hemorrhoids is an advance over the 
Whitehead, ligature, clamp, and cautery operations and the injection 
methods, for the radical cure of hemorrhoids. 

The electrodesiccation technic described has been found to be more 
satisfactory for hemorrhoidectomy than the more intense electrocoagu- 
lation method. The practice of passing the bipolar, high amperage 
current (diathermy) through a metal clamp, after the hemorrhoid is 
engaged in the clamp, is not as satisfactory as the method described, 
owing to the possibility of unnecessarily electrocoagulating tissues 
adjacent to the hemorrhoids, the greater inflammatory reaction, and 
possibility of subsequent contracture of the lumen of the rectum. 


Breast AiiPUrAxioN bv Electrosurcery 

In some cases of ulcerated cancer of the breast, when there is not 
sufficient healthy skin to permit approximation by suturing, the elec- 
trocoagulation method may be used. This has the disadvantage of 
leaving an open wound, which must necessarily heal by granulation. 
It has the advantage, however, of Immediately ridding the patient of 
a discharging, malodorous, ulcerating growth, with almost immediate 
relief from pain. It is astonishing how a large healthy ulcer in the 
mammary gland and other locations, thus produced by electrocoagu- 
lation, will heal by granulations without the necessity of skin grafting 
after removal of the disease down to a healthy base. A note of \yaEning 
is sounded to use care that the electrocoagulation is not exf'ended 
through the tissue in the intercostal spaces, lest there be a'* slough 
through into the pleura or pericardium. 

l am indebted to Dr. Harry E. Mock, of Chicago, 111., for the fol- 
lowing data upon breast amputation by (he high-frequency knife, 
which has a wider field of usefulness in breast work than has electro- 
coagulation. 


Technic. — In breast amputations the skin incision I. [Dr. Mock] use is 
similar to that described many years ago by Halstead. At first I made this 
incision %vith the high-frequency knife, but in my experience the healing 
of the skin margins is somewhat slower than when it is made by cold scalpel. 
Therefore, in more recent years the incision is outlined by the scalpel and 
barely passes through the skin. The few bleeders encountered are grasped by 
small hemostats, and are later sealed by barely touching the hemostat with 
the point of the electrode needle with the current changed to a partly electro- 
coagulating current. The incision is now carried through the alveolar tissue, 
muscles, down to the ribs, and a clean dissection of the breast, 
u (he pectoralis major and the pectoralis minor muscles, is made 

pward to the axilla. The smaller vessels are usually electrocoagulated during 
. , procedure, but the larger vessels are grasped by hemostats before 
tur severed with the cutting current The cutting current is then 

bv'fh electrocoagulating current, and the hemostats are touched 

y he electrode until the vessels are thoroughly electrocoagulated. Seldom 
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are more than two or three lt;;alures usw! thrtrughoul the entire q>eratlon 
of breast ampvitation and removal of glamls In the axilla. The breast 
and pectoralis muscles are now tum«) downward towart! the posterior axil- 
lary line, after the muscles are severed near their insertion to the humerus; 
this completely exposes the a.xjth. A careful blunt dissection of the axillary 
glands, fat, and connective tissue surrounding the axillary artery and vein, 
and the lower branches of the brachial plexus, is now carried out in the 
usual way with the Kocher dissector and tisstie forceps. Just as soon as this 
dissection is sufficiently removed from the axillary artery and vein, the 
high-frequency electrode is used in carrying out the further dissection of the 
axilla. Every gland and every bit of fat arc removed from above and behind 
and internally and externally to the vessels, and from behind the margin 
of the latissimus dorsi and downward to the most dependent angle of the 
axilla. The breast, the muscles, the glands, and the fatty tissue from the 
axilla arc now completely removed and sent to the laboratory. 

A soft rubber drain is insertet! through the skin flap into the axilla, 
its exit being at the most dependent portion of the latter. The skin in- 
cision is then closed with silkworm-gut and silk, after making sure that 
hemostasis is complete. 

Advantages.-— The above operation can be completed by me in approxi- 
mately two-thirds of the time consumed in the breast amputation with the 
scalpel and the ligation of all bleeders. 

The majority of these patients have practically no complaint of pwn 
following the operation by this method. Practically every observer has 
remarked upon the decreased pain when elcctrosurgery is used. .... 

Histologic studies of the Wood vessels and lymphatics show definitely 
that these are sealed by the cutting current. The fear, therefore, of 
gemmating cancer cells during the operative procedure is practically chmi- 
nated. 

I>isadvantages.— Hemorrhage following breast amputation has riot oc- 
curred in any of my cases. However, in one case of removal of a benign 
tumor from the breast by electrosurgery, a hemorrhage did develop. 

In about 50 per cent of the cases, especially if they are fatty sub;ects, J 
must admit that there is a great deal more collection of serum in the wound 
following this metKod Great care must be exercised when one passes an 
electrocoaguJating current through a hemostat for the purpose of hemostasis. 
If the hemostat touches the skin, the latter xvill be electrocoa^lateo or 
burned and will cause considerable delay in the healing of the incision a 
this point 

In all my breast amputations, whether by the cold scalpel or the hig ' 
frequency knife, I have had only one surgical death, that is, death following 
and traceable to the operation. This case developed a complete pneumo- 
thorax followed by a streptococcus infection, with death at the end of one 
week following the operation At autopsy there was revealed a small opening 
in the anterior portion of the axilla betwe«i the third and fourth ribs, and 
extending completely into the pleura. There are two possibilities for this 
small ulcerated opening First, it oHiId have been caused by pressure from 
the end of li.e drainage tube, as the tube lay exactly in this fwsilion; swono, 
it could h..'.e been caused by a slough developing at the point of coagulation 
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of a bleeding vessel. Since this catastrophe, I have guarded against, and have 
warned others against, the use of too strong an electrocoagulating current 
over the intercostal spaces. 

Results. — I have used electrosurgery in breast amputations for a period 
of five years. I am positive that more patients are remaining free from 
metastasis during this five-year period than during any other five-year 
period of my experience. However, the time is too short to give any 
statistics or arguments which would be of value in the ultimate end-results. 
Even if the percentage of recurrences or metastases proves to be equal to 
the series of cases in which the cold scalpel was used, yet the increased 
rapidity and ease of this operation by means of electrosurgery, and the 
reduction in pain and shock by this method definitely warrant its use. 



Fic 91 — One of two similar cases of anthrax infection treated the same day by the 
elcctrodesiccatson method. These casts were referred from a bacleriotogic laboratory-, 
f patients were accidentally infected Temperature at the time was 1042' F. 

Uo C). Serum was employed to combat possible blood infection. 

Fig 92— Rapid recovery in both cases after one electrodcsiccation operation. Note 
food cosmetic result. Photograph taken one year after treatment. 


TimioiDECTOMY WITH Electrosurgery 

Evidence is accumulating that electrosurgery is a valuable adjuvant 
in thyroidectomy. Its use in this condition was first described by 
4'Iock, of Chicago, who gives the following description of this op- 
eration. [/. A. M. A., 94: 1365-1368 (May) 1930.] 

Technic. — ^The usual skin incision is made in the neck either with a 
^|pel, the numerous small vessels, which are alwa>-s cut, being grasped 
ith srwU hemostats, or with a purely cutting current, the bleeders like- 
se being grasped with hemostats. When the incision is made with the active 
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or cutting electrode, it must be done quickly and accurately in order to 
obtain a clean-cut incision through the skin. 

The next step is to seal the numerous small bleeders exposed by the skin 
incision. The assistant in charge of the generating machine changes the 
switch from a cutting to a scaring current, and (he operator then touches 
each hemostat in turn with the point of the active electrode (held in the 
pistol grip). The current passes down the hemostat and seals the end of 
the vessel, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels arc sealed in this manner instead of being 
ligated. The usual exception is the superior thyroid arteries, which as a 
further precaution may be both ligated and sealed. 



Fio. 93— Nevus pigmentosus occumne on the abdomen of a younx woman. Radium 
IreaHnent in other hands was unsuccessful, serving only to complicate the case 
Fic 94 — Result obtained by electrodesiccation after radium failed. 


The assistant next turns the swteh back to the cutting current, and 
the operator proceeds to expose the thyroid gland. The incision is now con- 
tinued with the cutting electrode down through the platysma muscle, and 
the skin and the platysma flaps are dissected upward and downward the 
usual distance These skin flaps are retracted by small nonconducting 
retractors made of a hard fiber. The cervical fascia is now exposed and is 
incised down the middle. It is then freed from the capsule of the gland 
by blunt finger dissection or by a Kocher dissector and is retracted laterally 
along with the sternohyoid muscles by nonconducting retractors. When m 
the case of a very large goiter it is necessary to incise this muscle on one 
or both sides, this incision is likevrise done with the cutting current. In 
many cases in which the muscles have not been overdistended by a large 
goiter, thus enhancing the ease of their retraction, it is necessary to ^ 
transverse incision as well as the vertical one, and to turn back the four 
muscular flaps in order to expose the goiter. 


Thyroidectomy “v’'owm n] 47 

The goiter is now mobilized by gently passing the finger around its 
borders, but no undue traction is used to deliver it into the wound where 
it can be attached more readily. Clamps are placed on the superior and 
inferior thyroid arterieSj first on the ri^t lobe and later on the left. The 
gland is now attacked in its superior-lateral aspect, the combined cutting- 
cooking current being used for dissection instead of the sharp scalpel and 
hemostats. Occasionally a vessel will bleed and it is necessary to grasp it 
with a hemostat, but as a rule not more than four or five hemostats are 
employed on each lobe, and these, with the exception of the superior thyroid 
arteries, are sealed by passing a cooking current do\\'n the hemostat. Such 
a small amount of this current is necessary, but these vessels are sealed, 
not electrocoagulated, and there is no area left behind to slough, as is the 
case when tissue is thoroughly electrocoagulatwi. 

Both the procedure advocated so strongly by Crile, of leaving a small 
layer of gland behind along the lateral margins and a small film of gland 
tissue across the trachea, and the method advocated by Reinhoff and others, 
of opening the internal capsule of the gland and dissecting this off the 
anterior surface of the goiter and then removing the latter by an intra- 
capsular dissection, have been used. ttTien the latter method is employed, 
an effort is made to dissect the capsule away from the gland, retracting it 
laterally, but performing this dissection by means of the electric current 
rather than by a blunt incision. 

The chief purpose of this entire method of attack is to seal not only the 
blood vessels, but the lymphatics just ahead of the incision, thus preventing 
the escape of the thyroid toxins into the circulatory (blood and lymphatic) 
system, with the subsequent severe reactions not infrequently seen following 
these operations. Therefore, when (he goiter proper is reached, every effort 
is made to avoid the use of scalpel, scissors, or blunt dissector. . . . These 
are replaced by the cutting-sealing electric current, e.xaclly as is done in 
the case of a malignant growth in which the desire to seal the blood and 
lymph channels is even more important. 

The bed from which the goiter is removed Is now carefully inspected, 
any bleeding points that appear are sealed with the current, and the re- 
maining edges of the capsule are approximated wth plain catgut. A drain 
of soft small rubber tubing is inserted as a routine In three cases closure 
has been effected without drainage, but in one of these there was a con- 
siderable collection of serum. In one case a small hemorrhage developed, 
which was readily controlled by pressure dressing. The skin is closed bv 
fine silk sutures, and the drain is removed in from 24 to 48 hours. 

Anesthetic. — The anesthetic of choice in these cases of goiter is o 5 per 
cent procaine hydrochloride, used locally. One hour preceding the operation 
the patient is given morphine sulphate, grain (16 mg.), and scopolamine, 
1/150 grain (0.4 mg). With this anesthetic no precautions need be taken 
on account of the electrical current. 

Wrtrous oxide gas may be used without undue fear of an explosion, 
and ether can be used. In the latter two cases a wet flannel roll is placed just 
below the lower edge of the mask, and further protection against the fumes 
of the ether reaching the electric spark is provided by a rubber apron placed 
^ anesthetic frame and held tightly by clips against the skin of the 
cheeks and chin. In all but one of the cases in this series, local anesthesia 
Was used. 
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or cutting electrode, it must be done quickly and accurately in order to 
obtain a clcan>ciit incision through the skin. 

The next step is to seal the numerous small bleeders exposed by the skin 
incision. The assistant in charge of the generating machine changes the 
switch from a cutting to a searing current, and the operator then touches 
each hemostat in turn with the point of the active electrode (held in the 
pistol grip). The current passes down the hemostat and seals the end of 
the vessel, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels are sealed in this manner instead of being 
ligated. The usual exception Is the superior thyroid arteries, which as a 
further precaution may be both ligated and sealed. 



Frc 93 — Nevus pigmentosus occurring on Ihc abdomen of a young woman Radium 
Irealment in other hands was unsuccessful, serving only to complicate the case. 

Fig 94 — Result obtained by cleclrodcsiccatlon after radium failed 


The assistant next turns the switch back to the cutting current, and 
the operator proceeds to expose the thyroid gland. The incision is now con- 
tinued with the cutting electrode down through the platysma muscle, and 
the skin and the platysma flaps are dissected upward and do^^'nw3^d the 
usual distance. These skin flaps are retracted by small nonconducting 
retractors made of a hard fiber. The cervical fascia is now exposed and is 
incised down the middle. It is then freed from the capsule of the gland 
by blunt finger dissection or by a Kocher dissector and is retracted l^erally 
along with the sternohyoid muscles by nonconducting retractors. m 

the case of a very large goiter it is necessary to incise this muscle on one 
or both sides, this incision is likewise done with the cutting current in 
many cases in which the muscles have not been overdistended by a large 
goiter, thus enhancing the ease of their retraction, it is necessary to ® 
transverse incision as well as the vertical one. and to turn back the four 
muscular flaps in order to expose the goiter. 
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series that has shown the least evidence of a postoperative thyroid toxicosis. 
It would seem logical to ascribe this to the same sealing of the blood and 
lymphatic channels, thus preventing the escape of toxic substances from 
the cut thyroid gland. 

I am not yet ready to say that this will be my method of choice in 
every case of thyroidectomy. I am, however, convinced that it is by far the 
most rational procedure in all cases of malignant growths susceptible to 
being attacked by electrosurgery. For the same reason it would seem an 
equally rational procedure in malignant conditions of the thyroid, or in 
severe cases of toxic or exophthalmic goiter. 


Disadvantages. — i. The machine for the generating of this electrical 
surgical current is large and cumbersome, and is transported from one 
hospital to another with great inconvenience. It is an e.xpensive apparatus, 
and therefore will usually be purchased only by surgeons or hospitals 
interested especially in malignant conditions, or by those who may come 
to recognize its value in thyroidectomy. Its general usefulness is therefore 
greatly limited. 

2 The surgeon must have at hand a carefully trained assistant who 
understands the mechanism and who can manipulate the various switches 
that modulate the current from the light cutting stage, through intervening 
stages, to a heavy electrocoagulating current. Unfortunately, there are 
only a few persons trained to operate this particular machine. 

3 It requires considerable experience to use just sufficient current to 
make a clean-cut incision in the skin, that wll heal as readily and with 
as little remaining scar as follows a properly executed scalpel incision, 
uilh practice, however, this can be accomplished. If too strong an electro- 
coagulating current is used in sealing the blood vessels, one may have a 
peater amount of serum drainage than is the rule when hemostats and 
ligatures are used. Here, again, experience with the current is necessary 
to Overcome this difficulty. 

_4 Care must be used not to allow the current to come in contact 

with a hemostat lying across the skin, or a metal retractor; otherwise, 

cooking of the skin, or of the tissue under the retractor, will follow, to a 
degree depending upon the strength of the current This, of course, can 
be easily avoided. 

Conclusions. — i. The value of eJectrosurgery in the removal of malig- 
nant growths of the breasts and other locations where it is possible to 

attack them by this method has been enthusiastically endorsed by all 

surgeons familiar with its use There is no question that this method 
prevents the escape of carcinomatous cells into the blood and lymphatic 
streams It reduces the amount of shock and gives better hemostasis. 

. 2 In thyroidectomies this method prevents the escape of toxic material 
into the general circulation during the operation, resulting therefore in a 
convalescence devoid of the severe reaction often seen in these cases. It 
shortens the operative period by eliminating the ligation of a large number 
Of vessels. It gives a convalescence almost completely free from pain. 

}■ It has the disadvantage of a cumbersome machine, the need of a 
rained assistant to manipulate the machine, and the added e.xpen5e of 
these two items But, in spite of these disadvantages, this method should 
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Number of Cases and Postoperative Course. — Only 15 thyroid- 
ectomies have been performed by means of the electrosurgical current. The 
method is still being studied and compared with the immediate and late 
results in patients operated on by means of the scalpel with the usual technic. 
All but 3 of these 1 5 cases were extremely severe types of hyperthyroidism, 
with marked loss of weight, rapid irregular pulse rate, and, in four of the 
cases, marked involvement of the heart. The basal metabolism rates varied 
from 35 to 89. 

During the immediate postoperative convalescence, 1 have marveled at 
the almost complete absence of pain in every case; at least 10 of the 
patients have been completely free from postoperative complaints. In no 
case has the temperature been elevated above ior.4® F. (38.5® C.), this rise 
occurring in two cases on the second postoperative day. Six of the other cases 
showed an elevation in temperature to 100° F. (37.7® C.) on the second 
and third days, with normal temperature during the remainder of the con- 
valescent period. Five patients sWvcd normal temperature throughout the 
postoperative period of convalescence. 

The basal metabolism rate In all but three of these cases receded to below 
10+ by the end of three weeks. Only one patient showed a high rate 
four months after the operation. He had a preoperative rate of 59 +> 3 ^^ 
four months later the rate W'as 3S 4*» although from a clinical standpoint 
he could be classed as having recovered. One patient in the series had a 
rate below — 10, namely, — 

Advantages. — Although this is too small a series of cases to justify 
positive conclusions, a few definite advantages are apparent: 

1. The time of the operation is definitely shortened by this method 
through the sealing of the bleeding vessels rather than the use of the 
time-consuming method of applying ligatures. 

2. In every case, even in the most serious with marked (ardiac in- 
volvement, there has been a complete absence of postoperative shock. 
One patient was in such an extreme condition that the family physician 
called at the hospital just before the operation and begged both the 
patient and his wife to forego the operation, stating that he would surely 
die if submitted to this ordeal; yet the patient made an absolutely normal 
recovery free from all shock and pain. 

3 A convalescence so free from postoperative pain that even the patient 
remarks about the complete lack of suffering is almost the universal rule. 
This result occurring in a group of patients who are usually emotional, given 
to complaints, and often seeking sympathy, is especially noteworthy. 

4. When one has used the electrosurgical method in the removal of a 
large number of malignant growths in breasts, tongues, lips, and paroti 
glands, one becomes deeply impressed with the bloodless field, the absence 01 
postoperative shock, and the freedom from postoperative pain. The great^t 
impression, however, and the greatest sense of security He in the sealing ol 
blood and lymph channels simultaneously with the incision in and around 
the malignant growth. The old fear of opening up channels for the escape 
of carcinomatous cells to some other parts of the body is at once eliminated 
to a great extent. 

The same principle holds true in the removal of a very toxic goiter by 
the elect^osurgl(^l method. There has been no case thus far in this small 
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adds a complication to an already highly complicated procedure. Yet, in 
making a review of the early histories for purposes of this present com- 
munication, I find it expressly stated over and over again that the par- 
ticular procedure in question, though an extremely prolonged and arduous 
performance, was one which, without the electrosurgical adjunct, would 
have been impossible to carry through to a safe conclusion. 

During the two years just elapsed since we hesitatingly began to employ 
the currents in craniocerebral surgery, 547 operations for tumors have 
been performed. Though for some of these operations the electrical methods 
were not essential, there were few of them, even when no tumor was found, 



. 97 ■^Showing a tattoo mark treated by electrodesJccation The scar noted was 

hitherto caused by an attempt at excision 

Fic 98— The result obtained ElecUodesiccation has been found satisfactory for the 
removal of tattoo marks. 


•n which they could not advantageously be employed. The currents are 
useful even for such trifles as brushing the surface of the dura with the ball 
electrode in order to seal the torn meningeal veins, from which persistent 
oozing may sometimes try one’s patience, or similarly for checking the 
persistently oozing points on the under surface of the reflected bone before 
|ts replacement, or for electrocoagulating some refractory vessel on the 
margin. To be sure, muscle implantation, bone wax, and silver 
long been used for these sev’cral purposes, and they cannot be 
wholly dispensed with even now', but on the whole, electrical methods usually 
^0 accomplish the same ends more expeditiously, 
pearly 20 years have passed since Pozzi announced to the Academy 
01 Medicine in Pans a method for the cure of malignancy by the action of 
sparks from the terminal of an Oudin resonator, a procedure termed “ful- 
Suration,” as Dr. Bovie mentions in his introductory note. Slowly and grad- 
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be seriously considered in every case of a malignant disease of the thyroid, 
and in extreme cases of toxicity with hyperthyroidism. 

Dr. Martin B. Tinker, of Ithaca, N. Y., at a recent meeting of 
the American College of Surgeons, stated that he found the high- 
frequency knife to be successful in goiter operations. He stated that 
“electrosurgical outfits have been used by a number of outstanding 
surgeons in this country for a good many years, especially in the 
management of malignancy. . . . Their advantages have become ap- 
parent to many members of the profession, and I believe that shortly 


Fic 95 — Nevus pistnentosus treated by the desiccation method. 

Fic 96 — Showing the good cosmetic result obtained. 

an electrosurgical unit tvill be considered a necessary part of every 
modern operating room, especially where much goiter surgery is done. 

Electrosurgery in Brain Lesions 

Great advances have been made in the use of the various electro- 
surgical methods in brain surgery. The following is quoted in abstract 
form from a paper entitled “Electrosurgery as an Aid in the Removal 
of Intracranial Tumors,” by Dr, Harvey Cushing, which was pub- 
lished in Surgery, Gynecology and Obstetrics, December, 1928: 

There is no trainsaying that the employment of the Bovie Unit or any 
other form of ■ urrent generator as an aid to the removal of brain tumors 
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taking hemostasis that have largely put a stop to operating by the clock. 
It has been equally slow to adopt the principles of electrosurgery, which, 
from a technical standpoint, are likely to be no less revolutionizing. 

At a recent meeting of the American College of Surgeons, Dr. 
Ernest Sachs, of St. Louis, Mo., said that from his experience electro- 
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ually this procedure has been modified and extended, until for the treatment 
chiefly of cutaneous lesions and of ortficial maliRnancy, it has gained en- 
thusiastic advocates. 

Surgery is a conservative art. U takes to novel methods reluctantly as 
an old dog to new tricks. It ^Yas slow to adopt the ligature; slow to adopt 
the principles of antisepsis; slow to adopt the fastidious technic and pains- 


Frc. 59— Extensive keloid followinj; burn. 



Fic 100 — Result obtained by uelt-conadcred radium treatment, with 
nine of filtration and dosage This is the treatment par ewllencc for keloid. ' 

surgical methods should not be employed in keloid, since such treatment wiU ma 
matters worse 
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the same result is a fact that depends entirely upon the individual’s surgical 
technic. It should be emphasized again, therefore, that electrosurgery cannot 
be said to have superseded the basic principles of osteoplastic cranial 
operations and tumor removal. 

It has been our experience that one is likely to hurry the procedures 
of electrocoagulating vessels or incising brain tissue. As has been pointed 
out, the use of a strong current to electrocoagulate a vessel may cause it to 
explode, and to defeat the object for which it is -intended. It is certain 
that the electrodes are of no service whatever in a bloody field, which does 
not allow one to see the bleeding or oozing point. 

It is of course understood that an electrosurgical apparatus should not 
be used during the administration of a general anesthetic. The possibility of 
an explosion is too factual to be dismissed; consequently, the operations in 
which the electrodes are used are performed under local anesthesia. The dis- 



107.— Port-wine ne%-us. 

*08— Result of ultraviolet ray treatment bv the compression method This treat- 
t Is to be preferred to either radium or clectrodesiccation in this type of case. 


advantage of a general anesthesia, such as ether, in intracranial operations 
^'^ell known, so that the necessity of a local anesthetic in itself is of value, 
owever, it must be realized that many individuals are not suitable patients 
or the use of local anesthesia. In such circumstances we have taken the 
pr^ution of removing the ether bottle from the room, and have placed a 
cloth between the patient’s face and the operative field while the unit 
‘s m use. 

satisfied ourselves that there are no untoward or disturbing 
m^i due to the use of this apparatus in intracranial surgery. As a 

in xtW immediate postoperative convalescence in all the cases 

had f ^ been smooth and uneventful. We have never 

rha" • a flap in this group of cases because of secondary hemor- 

fftli'’^’ do we believe that any greater amount of postoperative edema 

ow-s Its use. In conclusion, we believe that: 
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2. By means of this method brain tumors can be dealt with that have 
been inoperable heretofore, and tumors that were operable can now be 
removed with greater safety. 

3. The technic of this procedure takes lime to learn, and as our ex- 
perience increases and its possibilities are realized, more and more can be 
accomplished with it in the future. Cynec. Obit., p. 505 (Feb.) 1931.] 


Fig. 105 — Extensive cavernous aninoma of check exlending almost through into the 
mouth The major portion of the lesion was covered by healthy skin, but an elevated 
strawberry-colored surface angioma may be observed m the photograph. 

Fic 106 — Showing result of an electrocoagulation operation; the blood lake was co- 
agulated and later removed through the external angioma Note retrogression to normal 
with small uncontracted scar. Four umilar operations were successfully performed before 
radium was emplo>cd for such cases. Radium is now preferred because of less hazard 


The following, relative to brain surgery, is kindly contributed by 
Dr. Loyal Davis, Professor of Surgery of the Northwestern University 
Medical School: 

^ There can be no doubt that the use of electrosurgery adds a complex 
piece of surgical equipment to a technic already dependent upon meticulous 
attention to detail for its success. The surgeon of course does not have to be 
acquainted with all the laws of electrical physics to employ such an ap- 
paratus successfully. However, a thorough acquaintance with its performance 
obtained upon experimental structures Is necessary before one should attempt 
i^ use during a complicated surgical procedure. Even xvith such a prepam- 
tion, the advantages and limitations of its use are indicated more clearly by 
practice That some surgeons may find it of more value than others to gam 
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not as greatly to be feared when the high-frequency knife is employed 
as after the cold scalpel. He further states that he has performed 
five laparotomies for the purpose of dividing extensive intra-abdominal 
adhesions by the electrosurgical knife, with no recurrence of the 
adhesions, as evidenced by the permanent disappearance of the char- 
acteristic discomfort caused by them. In a recent communication, 
Trowbridge stated that he had successfully performed nephrectomy 
and hysterectomy and had removed a renal calculus by means of 
the high-frequency knife. 



Its —Cavernous an-ionu and necrosis of bone from eTces^ive radium treatment 
BUnerto civen by another physictm Patient almost lost life from hemorrhace 
Pic 1 13 —Result of one ele<trocoas:ulation operation 


Electrosurcery in the Genito-Urinary Field 

The same indications for electrosurgery exist in the genito-urinary 
as in the gynecologic field. This can be extended in the male to pros- 
tatectomy through a suprapubic opening by means of the high-fre- 
quency knife. Some surgeons have advocated employing a wire loop 
as the knife in the use of the high-frequency cutting current for sever- 
ing and removing the median bar of the prostate by way of the ureth- 
ral route through an operating cystoscope, as an improvement over the 
oottmi operation. 

Excellent results have been reported by surgeons who are in a posi- 
lon to judge of the merits of electrosurgery in this field The suc- 
cessful removal of papillomas from the bladder by means of the high- 
raqu^cy current through an operating cystoscope, which was first 
h by Beers, and verified by many others, is impressive to those 
J 0 have seen the operation performed The treatment of such lesions 
^as been revolutionized by the ad\’ent of electrosurgical methods, 
I successfully stopped hemorrhage and removed numerous papil- 
raas of the bladder by the high-frequency method. The first one in 
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r. Eleclrosurgcry is a distinct addition to the neurologic surgeon’s arma- 
mentarium. It does not, however, completely supersede the well-established 
principles of osteoplastic cranial cerebral surgery. 

2. At present it may be employed to its greatest e.xtcnt in the removal 
of meningiomas, in particular to the relatively inaccessible meningiomas. 

3. The improvement of the use of electrosurgery in the treatment of 
gliomas offers the possibility for its greatest contribution to the surgery 
of the nervous system. . 



Fic. 109— Extcnsi\e cavernous angioma. 

Fig. izo.— Showing Impro^’ement during radium treatment 

Fic zji/— E nd-resutt of radium treatment, a method which is preferred to electro- 
surgical methods in this type of case 

Electrosurcery in Gynecology 

Electrosurgical methods have a very definite value in a mde range 
of conditions of interest to the gynecologist. Among the minor lesions 
in this field which can be successfully treated by the eleclrodesiccation 
method are venereal warts, leukokeratoses, leukoplakia, condylomas, 
moles (simple and pigmented), chancroids, angiomas, some localize 
cases ef pruritus (of nerve or eczematous origin), urethral caruncle, 
urethral prolapse, erosions and infected Bartholin’s and Skenes 
glands, lupus, fissures, fistulas of vagina and rectum, polypi, papi • 
lomas of the bladder (operating through a cystoscope or a suprapubic 
opening), papillomas of the vagina, cervix, and rectum, erosions 0 
the uterine cervix, endocervicitis, hemorrhoids, epitheliomas, chancre 
(Influencing the treatment and progress of syphilis), and carcinoma 
of the cervix in combination with radium. , 

The larger growths may be treated by the more powerful coa^ a 
tion method. The high-frequency knife has a wide field of usefulnes 
in pelvic surgery, such as hysterectomy, through an abdominal in- 
cision, and evidence is accumulating that the future for this 
is promising throughout the whole range of gynecologic surgery.^ I 
is also true of surgery of the upper abdomen and thorax. An in e 
esting observation has been made by Trowbridge, that adhesions a 
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the lesion can be removed with the same ease and simplicity as though 
it were on the skin surface. The wound will heal readily if the patient 
is normal, and some notable results have been obtained. 

I have had under my observation a case of squamous-cell carcinoma 
which was treated by this method, and the patient has been free from 
recurrence for lo years. In extensive carcinoma of the larjmx, com- 



Fic 114 — Shomng some instruments emplo>ed in electrodesiccation and 
^ electrocoagulation 

and ^ **** acU\-c electrode for electrocoagulation 

B and pedunculated grow lbs Fig 70 is an example. 

destructiiP « handle and metallic discs utilized as passu'c electrodes when localized 
around #1,.*“!.^ desired. Fig 70 is also an example The active snare was emplo>ed 
D A.ii?'** P“"-' *« •>” *»p "< 111' PiraiPA. 

raoistenpd » electrode covered with rubber on one side and duck on the other. WTien 

ducfnr i.. i”'* P***^fd on the back of the patient it serves as a satisfactory passive con- 
E E? work. 

as suitable for electrocoagulation treatment of such conditions 

"aocerwciiis or endometntis. 

flectrocoa^btion *>«dles emplojed as active electrodes for electrodesiccation and 
coa^la\mn*^ope^'-^"* Cooke, to bold needles for electrodesiccation and electro- 
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1910 was a bleeding papilloma almost the size of a hen’s egg. The 
patient, an aged man, lived for seven years free from recurrence. I 
have found from e.xperience, however, that unless the lesion is benign, 
it should be treated through a suprapubic incision and an opening into 
the bladder. In this case other methods may be employed in conjunc- 
tion with the electrosurgical method. 

Electrosurgery in Eve, Sinuses, Ear, Nose, Throat, and Larynx 

Electrodesiccation may be employed in the following eye lesions 
without causing a contracted scar: neoplasms of the eyelids, canthi, 
bulbar and palpebral conjunctiva, such as epitheliomas, sarcomas, 
warts, moles, nevi, dry granular conjunctivitis, trachoma, leukoma, 
refractory corneal ulcers, lupus, permanent removal of celia from eye* 
lids when indicated, xanthoma, chronic local infections, etc. When 
complete exenteration of the orbit and adjacent sinuses is indicated, 
or when adjacent bony structures are involved with disease, electro- 
coagulation, in many instances, may be relied upon to accomplish 
superior results, provided the technic is thoroughly understood. Great 
care must, however, be taken to avoid injury to orbital bones, else 
the dura will be exposed and meningitis will result. 

The same types of lesions noted in the preceding paragraph, oc- 
curring on or in the car canal, may be successfully treated by electro- 
desiccation or electrocoagulation, the choice of method depending upon 
the extent 0! the disease. It might be noted as a matter of interest, 
and to illustrate the delicate action of the current, that small granula- 
tions of the tympanum may be removed by electrodesiccation without 
injuring that delicate structure, so great is the refinement of its 
control. 

Lesions on the nose of the same type mentioned above may also be 
successfully treated by electrosur^ca! methods. 

Electrodesiccation has been found useful in the removal of hyper- 
trophied turbinates, polypi, papillomas, epitheliomas, etc., of the nasal 
mucous membranes, wthout causing the hemorrhage incident to the 
use of the cold scalpel. 

There are numerous indications for electrosurgery in its different 
forms in the throat, such as tonsillectomy, removal of papillomas, 
lupus, leukoplakia, and certain malignant lesions. The electrodesicca- 
tion method is satisfactory for the removal of accessible papillomas of 
the vocal cords This operation can be performed by either indirect 
or direct vision, through a laryngoscope. 

Cancer of the larynx, however, should not be treated through the 
mouth, owing to impossibility of doing complete work, and also o^ving 
to the hazard of injuring normal structures. It is preferred that a 
preliminary tracheotomy be performed, and after that a laryngotomy, 
by a longitudinal incision. In this manner the lesion can be properly 
exposed an^! palpated to determine its location and character. Then 
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however, regarding the value of this method, some commending ar 
others condemning it. This has caused confusion in the minds i 
those who are sincerely seeking authentic information. 
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plete laryngectomy is sometimes indicated, and in this work the elec- 
Uosurgical km(e may be found to have a field ol usefulness. 

Tonsillectomy by Electrosurgical Methods 

May I state at the outset, that tt is the opinion of conservative 
laryngologists that electrosurgical methods will not entirely replace 
the operation in use for many years, owing to satisfactory results 
obtained with the latter in the average case. This is probably true, 
but it is also quite well known that in certain instances there is a 
distinct contraindication to the open operation. If, therefore, electro- 
surgical methods can be used in such cases with the hazard minimized, 
then there is a valid reason for including them among the methods 
to be considered by laryngologists when unusual conditions exist. 

Experience with electrosurgical methods in tonsil work has been 
multiplying, and while discounting the ultra-laudatory opinions of 
the Qverenthusiasts, It now appears safe to say that some electro- 
surpcal methods may be relied upon as worthy substitutes for the 
open operation, In cases where there is a distinct contraindication to 
its use, especially in the case of adults. This is true, provided a proper 
and standardized technic is employed. Three electrosur^cal methods 
have been advocated for tonsillectomy, namely: the high-frequency 
snare, electrocoagulation (diathermy), and electrodesiccation, which 
in turn will be briefly discussed. 

High-Frequency Snare. — A few laryngologists have suggested the 
use of the high-frequency snare for tonsillectomy. The same current 
used for cutting (bipolar) is passed through a metallic snare, and 
the tonsil is removed by the same technic as in the cold snare opera- 
tion, except that the current is used while the snare separates the 
tonsil from its bed. Its advocates claim that the possibility of hemor- 
rhage is less, and that it has the further advantage of steriUimg the 
operative field. While it undoubtedly has these advantages, it has not 
been adopted for general use because of the greater care necessary 
for the proper control of the current, lest other structures in the throat 
be damaged. In common with any kno^vn method, the danger o 
hemorrhage is, however, not entirely avoided, regardless of primary 
capillary sealing. It would not be entirely safe to depend upon i 
permanently to seal the normal or anomalous larger vessels that i^y 
be encountered. It is doubtful what the future appraisement of this 
method will be, but at the present time, at least, it is not as popular 
as the electrocoagulation (diathermy) or the electrodesiccation meth- 
ods (unipolar) for tonsillectomy. 

Electrocoagulation (Diathermy). — ^The electrocoagulation 
produced by the bipolar d’Arsonval current of high amperage and lo\ 
voltage has been widely employed during recent years for the 
of tonsils, with a fair measure of success. Published opinions dm > 
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Method No. 2 is perhaps more generally in use than the others and 
\% quite satisfactory if correct technical rules are observed. 

Method No. 3 bids fair to be popular also, and those who employ 
it believe it satisfactory. 



It?— Section of basaUcell epithelioma of the cheek treated by electrodesiceation 
The devitalired cells appear « long slender threads— "mummification necrosis" 



— Squamous-Cell epithelionta treated by electrocoamilation, showing an tt- 
ceiu resembling hyalmuatioti and several thrombosed blood vessels The tumor 

»rem to ha\e fused Into a structureless mass 
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Paradoxical as it may seem, the different estimates of its value may 
all be correct, each depending upon the point of view. This is ex- 
plained by the fact that high-frequency currents arc characterized by, 
and subject to, great flexibility, both as regards the mode of produc- 
tion and also in the effect produced by them in the tissues. A wide 
range of effects can therefore be obtained from their use, depending 
to a great extent upon the construction of the apparatus which gen- 
erates the current in such details as the capacity of the condensers; 
the number of windings and the thickness of the wire in the primary 
and secondary coils and in the solenoid to produce the proper induc- 
tance; the character of the spark gap to insure the correct resistance; 
and lastly, the technic of application. 

For example, ten operators, conceivably of equal ability and experi- 
ence, might in all sincerity and accuracy report their findings, but 
with no two of them exactly agreeing. This is explained by the fact 
that none of them employed the same electrical factors nor the same 
technic in their work. Thus the views of diverse nature are explained. 

In the. course of development of any important invention, a con- 
dition of uncertainty is to be expected for a time, until all factors are 
standardized toward the end that maximum efficiency \vill be attained 
by all employing them. 

There are four methods In use for employing electrocoagulation 
(diathermy) in tonsillectomy: 

1. Destroying the tonsil as completely as possible at one operation, 
employing an active needle electrode, and a passive metallic electrode 
on the back of the patient. 

2. The removal of the tonsil in small portions in a series of treat- 
ments, employing an electrically activated straight or hooked needle as 
the active electrode. Multiple punctures in the tonsils are thus made 
and the indifferent electrode is placed upon the back of the patient. 

3. The use of a metallic ring electrode which encircles the tonsil, 
and when pressed inward exposes the tonsil to view, and also acts 
as the indifferent electrode. The active electrodes are straight or 
hooked needles, insulated except at the point, and the tonsils are 
removed little by little in a series of treatments, also by means of 
multiple punctures. 

4. The removal by means of two insulated hooked electrodes 
clamped together like a tonsil forceps, and used at the same time, each 
carrying the current from opposite sides of the high-frequency ma- 
chine. By this method the tonsils may possibly be removed by one 
operation, or better, by a series of operations. 

Method No. i has been discarded by most operators because the 
inflammatory reaction is too great, and the danger of destroying 
adjacent structures in the throat and of secondary hemorrhage is to 
be seriously considered as a possible hazard. It is therefore not recom- 
mended for general use. 
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A whole gamut of effects may be produced in tissues by the various 
manifestations of electrical currents, some of which are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
than of general methods. For example, the term “drugs” will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug” to be administered in certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endothermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
in description of the particular drug actually employed, whereas elec- 
trodesiccation, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
wise be distinguished from electrodesiccation, with its definite indi- 
cations; and again the effect of the high-frequency knife upon tissue 
is dissimilar to either, though in turn of value, when it would be 
improper to use the other electrosurgica! methods. 

It can therefore be seen that general terms are not conducive to 
a close understanding among scientific observers, while standardization 
of methods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electricity for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable with the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seems a rational procedure, but its real value has 
yet to be demonstrated since so few laryngologists have thus far em- 
ployed it. 

Inquiry reprding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work is seldom 
accomplished in less than six treatments to each tonsil, in periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as 20 to 25 treatments. Seldom is complete 
removal accomplished in any case in less than three months, and it 
sometimes requires six months or more. It would seem that such pro- 
longation of inflammation would be objectionable, but I am told by 
those who employ it that patients do not object to it. 

All four methods have been fully described in current medical lit- 
erature which is readily available, hence no attempt will be made to 
enter further into discussion of them in this chapter. 

In fairness to all may I state that these methods no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages are almost sure to exist. 

Electrodesiccation. — From my experience with the use of all types 
of high-frequency currents for general surgical purposes for nearly 
25 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused 01 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

My growng impression is that electrodesiccation possesses fewer 
disadvantages, and that it is more suitable for delicate throat work, 
than electrocoagulation (diathermy), inasmuch as there is better con- 
trol with electrodesiccation; the inflammatory reaction is slighter; 
there is, I think, less resulting fibrotic change; the hazard of secondary 
hemorrhage is less to be feared; the natural contour of the tonsillar 
fossa is better maintained; the work is completed in fewer treatments; 
and the results are all that can be expected of any method. 

Analysis of adverse reports concerning electrodesiccation in tonsil- 
lectomy reveals misunderstanding of the method and the employment 
of an improper technic. 

Electrosurgical methods for tonsillectomy should be practiced by 
laryngologists when indicated in complicated cases, but to insure the 
best results, careful study and mastery of technic are necessary, else 
they \Yin be disappointed with results. 

Conclusion 

The term dectrosurgcry is a broad one, expressing so many ways 
and means of applying various forms of electrical energy for the 
removal of abnormal tissue as often to cause confusion in the minds 
of those seeking reliable information. 
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A whole gamut of effects may be produced in tissues by the various 
manifestations of electrical currents, some of w’hich are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
than of general methods. For example, the term “drugs” will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug” to be administered in certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endothermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
in description of the particular drug actually employed, w’hereas elec- 
trodesiccation, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
wise be distinguished from electrodesiccation, with its definite indi- 
cations; and again the effect of the high-frequency knife upon tissue 
is dissimilar to either, though in turn of value, when it w’ould be 
improper to use the other electrosurgical methods. 

It can therefore be seen that general terms are not conducive to 
a close understanding among scientific observers, while standardization 
of rnethods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electricity for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable with the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seems a rational procedure, but its real value has 
yet to be demonstrated since so few laryngologists have thus far em- 
ployed it. 

Inquiry regarding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work is seldom 
accomplished in less than six treatments to each tonsil, in periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as 20 to 25 treatments. Seldom is complete 
removal accomplished in any case in less than three months, and it 
sometimes requires six months or more. It would seem that such pro- 
longation of inflammation would be objectionable, but I am told by 
those who employ it that patients do not object to it. 

AH four methods have been fully described in current medical lit- 
erature which is readily available, hence no attempt 'will be made to 
enter further into discussion of them in this chapter. 

In fairness to all may I state that these meth(^s no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages ate almost sure to exist. 

Electrodesiccation, — From my experience with the use of all types 
of high-frequency currents for general surgical purposes for nearly 
25 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused of 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

My growing impression is that electrodesiccalion possesses fewer 
disadvantages, and that it is more suitable for delicate throat work, 
than electrocoagulation (diathermy), inasmuch as there is better con- 
trol with electrodesiccation; the inflammatory reaction is slighter; 
there is, I think, less resulting fibrolic change; the hazard of secondary 
hemorrhage is less to be feared; the natural contour of the tonsillar 
fossa is better maintained; the work is completed in fewer treatments; 
and the results are all that can be expected of any method. 

Analysis of adverse reports concerning electrodesiccation in tonsd- 
lectomy reveals misunderstanding of the method and the employment 
of an improper technic. 

Electrosurgical methods for tonsillectomy should be practiced by 
laryngologists when indicated in complicated cases, but to insure the 
best results, careful study and mastery of technic are necessary, else 
they ■will be disappointed with results. 

Conclusion 

The term electrosurgery is a broad one, expressing so many ■ways 
and means of applying various forms of electrical energy for the 
removal of abnormal tissue as often to cause confusion in the minds 
of those seeking reliable information. 
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ELECTROSURGERY AND OTHER PHYSICAL THERAPY 
MEASURES IN UROLOGY 

F. G. Harrison, M.D. 

Papilloma of the Penis 

Verrucae acuminatae, known commonly as venereal warts, although 
by no means always associated with any venereal disease, are caused 
by irritation from some source, usually from the prepuce. They are 
an overgrowth of the papillary layer of the skin or mucous membrane. 

They are mostly papillary in type and composed of epithelium 
which is readily transplantable to produce neighboring buds. They 
may resemble epitheliomas or condylomas, from which they must be 
differentiated. 

Correction of the irritation, whether from uncleanliness or dis- 
charges, often causes disappearance. Balanitis and phimosis must be 
corrected to prevent recurrence, and this may necessitate circumcision. 

While the ordinary treatment is the application of nitric or tri- 
chloracetic acid, if not applied carefully and the excess mopped, the 
surrounding mucous membrane is likely to be destroyed. 

The most satisfactory results are obtained by applying lo to 20 
per cent cocaine solution directly (o the growth. After allowing a few 
minutes to elapse for the anesthetic to take effect, a fine needle elec- 
trode is introduced at the base of the growth and it is destroyed, using 
the monopolar high frequency and a low' current. 

_ A dusting powder and a dry dressing may be applied, the warts 
either dropping off with treatment or in a few days. 

Chancroid 

genital ulcer is regarded as a chancre until proved otherwise. 
While the incubation period and the clinical characteristics may be 
^^1^^ point to a chancroid, it is the golden rule that no treatment 
should be started until an absolute diagnosis is made. The dark field 
examination for Treponema pallidum is positive in well over 90 per 
cent of untreated cases on the first examination. For those sores which 
have received local treatment, especially preparations of mercury, it 
•s essential that all this be removed and the suspected ulcer cleansed 
and bathed in normal salt solution by repeated applications. The 
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and wth progression may break down and discharge pus from sec- 
ondary infection or become a lesion like the initial focus. 

As epithelioma is uncommon before the fortieth year, the diagnosis 
is made by exclusion. Biopsy is not teannmended, unless just prior 
to operative procedure, as it has a tendency to promote metastasis. 

Similar to cancer elsewhere in the body, the prognosis depends 
largely upon an early diagnosis with prompt and efficient treatment. 
The later in life the condition develops, the slower it seems to grow. 
Prognosis is good if seen early, and while it has been stated that 
should inguinal lymph node involvement occur, cure is doubtful, yet 
many are reported. 

Roentgen rays, surgery, diathermy and radium are the agents em- 
ployed in the attack, either alone or combined; but it depends upon 
the site and duration to some extent. Surgeons have stated that the 
epithelioma involving the glans or distal third of the penis may be 
treated by partial amputation, but that which extends to the middle 
or proximal third demands extirpation. 

Preoperative roentgen-ray therapy of not more than one treatment 
is always advised. A preliminary block dissection of the inguinal glands 
is carried out prior to the radical surgery on the penis. These glands 
may be destroyed by diathermy, by placing the flat disk active elec- 
trode over the glands after exposure by the skin incision and slowly 
heating until the gloved finger cannot be borne on the tissues and with 
repetition. Due care must be given to the femoral vessels which He 
beneath. 

The partial amputation is carried out with due respect for the skin 
flaps, and placing and suturing of the cut urethra to prevent con- 
tracture and stricture formation of the new meatus. 

Complete extirpation is performed in the same manner, with the 
new urinary meatus brought out to prevent stricture formation. 

Intensive postoperative roentgen-ray therapy is routinely advised. 
Complete emasculation is rarely employed, and in recent years there 


seems to be a tendency, whether ^varranled or not, to avoid the knife 
because of discouraging resultant metastasis, and to employ measures 
that produce no mutilation with tendency to regional metastasis. 

Diathermy has been used in the treatment of epithelioma, employ- 
mg the bipolar current %rith the inactive electrode beneath the sacrum 
and a flat disk active electrode. General anesthesia is not necessary. 
The cancerous tissue is destroyed by the slow process of thermo- 
electrocoagulation, avoiding all sparking, and the coagulation is 
carried e»MV well beyond the diseased area \o the normal healthy 
tissue to insure complete destruction of the growth. 

The same procedure as detailed above is carried out ^vith regard 
to the inguinal glands. Preoperative and postoperative roentgen-ray 
therapy is advised. 

Pfahler and Widman report a series of cases which were treated by 
radiotherapy and electrocoagulation. Certain cases respond better when 
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physician who neglects this dark field examination or, if not possess- 
ing the facilities to carry out this procedure, fails to direct the patient 
to where it can be done is guilty of moral malpractice, at least. 

If dark field examinations be negative for three or four successive 
days, and if the Wassermann reaction be negative, local treatment 
may be applied. It is wise to continue weekly serologic examinations 
until the sixth week or the secondary period has been passed. 

Many chancroids can be cured correcting the hygienic habits of 
the patient, as uncleanliness is usually the forerunner. There are many 
remedies offered for cure, such as application of caustics and acids, 
but the writer has found that crystals of argyrol are very efficient and 
where this is unsuccessful or by reason of the phagedenic spread, the 
method recommended by Robbins and Seabury is applied. 

The chancroid is cleansed and a lo to 20 per cent solution of 
cocaine is applied directly with a swab, which is held in place several 
minutes. A liberal application of 25 per cent cupric sulphate is made to 
the excavated area, and with the monopolar current of the diathermy 
apparatus and the vacuum electrode, the ulcer is completely ful- 
gurated, care being given to carry the destruction well under the 
undermined edges and beyond. 

Corbus has pointed out that using a fine needle as an electrode and 
desiccating the sore, rather than sparking U, is superior, as it does 
not carbonize the tissues and at the same time permits greater heat 
penetration. The grayish-green area is now covered with a dusting 
powder, and, if there should be any spread, the procedure may be 
repeated. Usually in a few days the phagedenic ulcer has been changed 
to normal, healthy granulation tissue. 

T’ • ■ ‘ ‘ -nal adenitis may be treated with 

■ . ■ • • occurs. The smaller electrode is 

piaceu ovei uie umaiiieu giaim aim the larger one beneath 
locks and treatment given for 40 minutes, repeated daily* bhoulo 
suppuration occur, incision and enucleation of the gland are indicated. 

Epithelioma 

The etiology of cancer of the penis is unknown, but it has_ been 
recognized that a long and adherent foreskiUj with resultant irrita- 
tion from smegma and a chronic balanoposthilis, predisposes. Epithe- 
lioma among the circumcised is rare. . 

This condition arises on the glans or prepuce, frequently on the s^ 
of an old scar formation. Keyes reports it may start as an indurated 
nodule under the skin or as a patch of leukoplakia. Beginning as a 
wart on the skin, or an ulcer, it becomes deeply ulcerated with granu- 
lating or cauHflow’er-Hke growths with a foul seropurulent discharge. 
It may spread and involve the entire penis and adjacent structmes* 
It is slow growing and pain is usually not an early symptom, in 
regional lymph nodes are reported as becoming involved rather la , 
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ducing fever or who develop influenza or acute febrile conditions. 
Santos in his experiments reported that 43 *^ C. (109.4® F.) for 76 
minutes, 44° C. (iii.i® F.) (or 54 minutes and 45° C. (113® F.) 
for 37 minutes were necessary to kill gonococci. It has been shown by 
others recently that in vitro the gonococcus will survive 30 minutes 
at 45° C. (113'’ F.). The point is whether experimental studies of 
the gonococcus gro^vn in vitro help us determine their relative re- 
sistance in the tissues. It may be analogous that, despite recent 
research to discover a chemical gonococcicide, the urologist frequently 
returns to the old established irrigant — potassium permanganate — not- 
mthstanding the fact that its germicidal properties are much less than 
many others. It would seem, therefore, that if by applying diathermy 
we create an unfavorable condition for the viability of the gonococcus, 
without disturbing the mucosa, we are accomplishing enough to war- 
rant its trial, 

Nagelschmidt, with reference to the male urethra, states, “Theo- 
retically, it would be easy to apply heat deeply \vith diathermy, but 
practically it is quite different. In order to obtain an even, deep beat, 
one must apply diathermy with low amperage during a long time. It 
is technically very difficult to diathermatize the whole urethra far 
into the bladder without heating up some places too high. In the pars 
pendula no difficulties appear. As soon as we reach the root of the 
penis, it is impossible without special technic to heat through the 
urethra in all directions with an even temperature.” Corbus and 
O’Conor in their book state, “It is a firm belief that ultimately the 
technical difficulties which so far have prevented the absolute per- 
fection of this method will be solved.” 

The use of medical diathermy in the treatment of acute gonorrhea 
has been upheld by many authors — Roucayrol, Seres, Walker, Watson, 
Canovas, Cumberbatch and Robinson, Corbus and O’Conor, Gomez 
and Gastano, H. Schmidt, Nagelschmidt, Shohan, MacArthur, Redewill 
and others — but has been discounted by recent textbooks of urology, 
notably those of Keyes, Pelouze and Eberhart in this country and 
MacDonagh of England. 

It is not within the scope of this chapter to discuss the physical 
principles which govern the development and application of the type 
current suitable for diathermy. It is sufficient to state that should 
this method be employed, it is essential to get a good machine which 
^ill deliver all that is e.xpected of it with a margin to spare. It should 
he capable of deUveriug 1000 to 3000 ma. ia a steady volume with- 
put appreciable variation over a period of one hour. Small machines 
incapable of doing this do not produce results. Whether a portable 
^ achine is desirable is a personal decision. We like a portable machine 
ecause it can be moved from one room to another or even to the 
[l , MacArthur in a personal communication informs me 

V ^ has a large machine with connections such that two patients 
u be treated at the same time. Of the greatest importance are the 
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radium is applied together with roentgen-ray therapy. Amputation was 
carried out by electrocoagulation at approximately the junction of 
proximal and middle third, wlhout regard for the urethra. There is 
no record of stricture formation and in a personal communication I 
am told there was none. WTiile the method of amputation with elec- 
trocautery produces a bloodless field, most surgeons w’ould regard 
the abandoning of the new urinary meatus to its fate as hazardous. 

GONORRHEAt UrETHRITIS 

Electrotherapy with the production of heat in the tissues in the 
treatment of gonorrhea is by no means new, yet the evaluation of this 
method has not been firmly established. This may be due to the mis- 
leading and colorful statements of enthusiasts or to the doleful nega- 
tive confirmation of the doubters. There is no specific cure for 
gonorrhea, and, as diathermy is the production of electrical heat, it is 
useless to expect results other than those derived from heat actively 
generated in the tissues. It is a biologic finding that under all condi- 
tions heat up to the optimum point increases the activity of tissue 
cells, and down to a minimum point decreases the activity of the tissue 
cells, which leads to the conclusion that the production of heat in 
the body tissues increases cell activity, and thus the inflammatory 
reactions to an irritant are greatly accelerated. 

Medical diathermy has been regarded as having marked analgesic 
properties. It increases cell activity and hyperemia, with its resulting 
slowing of the blood stream due to the dilatation of the blood-vessel 
walls. It increases diapedesis both in rate and amount, and accelerates 
phagocytosis. It produces a deleterious effect directly upon the invad- 
ing irritant and decreases the amount of scar-tissue formation, as the 
first changes in inflammation are accelerated and also reabsorption 
takes place faster. 

The contraindications to diathermy are few but must be understood. 
It cannot be substituted for surgical drainage in a collection of pus 
as diathermy may aggravate the condition, and septicemia results. 
It should never be used where there has been any hemorrhage or 
where there is possibility of any. 

The gonococcus has long presented cultural difficulties making it 
next to impossible to obtain growths except under the most favorable 
conditions, as the pus obtained at epididymotomy. Recently with the 
introduction of the calf-brain media and attention to hydrogen-ion con- 
centration, it is reported the organisms may be cultured from the 
urethral pus. It would seem that conditions have to be most favorable 
for its growth, and, as the gonococcus is not very hardy, the least un- 
favorable circumstances wll have a tendency to destroy it. It has been 
a w'ell-established fact that excess heat has a deleterious effect upon 
the gonococcus. The clinical course of acute gonorrhea has been 
markedly lessened in those individuals who have complications prO' 
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and thus surgical diathermy or fulguration is apt to occur isith a 
resulting traumatic fistula. 

Following the suggestion of MacArthur, the WTiter applies dia- 
thermy to the anterior urethra, using two strips of block tin Yz inch 
wide, cut to a length which ivill run the entire urethra, anointed with 
K-Y lubricating jelly and strapped with adhesive. Attention is given 
to directing that the electrode on the floor of the penis be slightly 
smaller, as the urethra is closer to the floor. Intimate contact of all 
electrodes is most essential, and it is best to have all cords completely 
insulated to the very point of attachment. A small rubber cuff can be 
slipped over this point after the connection has been made. It is 



1 — Stnp tin electrodes cut fo lenclh along the anterior uiethn, held in place by 
aanesiNe. Rubber cuffs may be pulled o\er connection points to prev'cnt shock. (After 
MacArthur ) 


desirable to increase the current slowly, taking at least five minutes 
before maximum intensity is produced, and reverse the procedure for 
cutting off the current. As there is no thermometer to act as an 
Indicator, the milliamperemeter must be watched, with the current 
Varying between 300 and 800 ma. The length of the treatment should 
ue at least i hour and should be repeated daily or, better, twice daily 
Until the gonococci are eradicated. The temperature of the urethra 
can be raised to 109 to 112° F. (42.78 to 44*44'' C.) for the duration 
pi the treatment, a temperature at which it is alleged the gonococcus 
destroyed. This treatment can be continued for some time (Fig, i). 
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O IVolume II 

electrodes, which -will be discussed under each condition because it is 

the patient can lie for an hour or 
more without being disturbed and, if not under personal supervis on 
Sc entire time, at least watched by someone competent to judge it the 
ratimt is getting what is desired. Better results are obtamrf by 
Lousing the interest and cooperation of the patient, by «plainmg 
carefully to him exactly what you wish to 

him that there -will be no shocks or painful effects. After the tim 
aoolication with no untoward effects, the patients morale is raisrf, 
particularly ivith clinical improvement, and i; the 

necting with the sivitch is given him so he can break the c 
heat becomes too intense. •>+ hp<;t 

It would seem that diathermy will never esroensfve 

mainly from economic reasons. The physician ^cedute 

apparatus, a separate room for m hour « “e 

must have skilful supervision. Of necessity L® jg more 

charged to the patient, '^ho in these time of economm she 

than likely unable to pay it. Thus it , .0 superior to 

wealthy, or in those distinct cases where ‘ qL-Si tank 

other forms of treatment that self-preservation of professiona 

™ToX’ patient presenting himself with acute 
in the ear^ stage*, i.e., the first or S 

limited to the anterior urethra, anWr or to lest, 

diathermy may aid m effecung a speedy second 

the first may be cloudy and contain a few s J;,thermy is able 
should be clear. Theoretically this is the ^fresuUs should 

to sterilize the urethra by killing the 5 -bL’tive treatment, 

be obtained, comparable to a successful so-cal ed abortive rre^ ^ 

which is seldom employed. The great_ , („ tj,j urethra, 

suitable set of electrodes which wiH 8"'® devised notably 
Various types of intra-urethral electrodes have b^n deviseo, no 

the one by Corbus, which is unsuccessful because. 

1. A basic urologic maxim states that no 

passed in the inflamed urethra in *0 preserice 0 gonococa^ 

2. Patient is usually not able to tolerate instrurn Corbus 

urethra tor sufficient period of time to get desire ■ 

states however, “Contrary to nation After the 

treatment, it is painless during the period of ®PP! . ° serum 
withdrawal of the thermophore there is a copious dis g 

and mucus which lasts until the next urination, i 
favor this treatment, does not 

3- As the urethra is not of uniform caliber, an 
fit snugly against the mucosa, so sparking ^ J ^ 

4. Heat ii liable to be concentrated on the tip ot tne 
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has not been so favorable, whether because of faulty technic or be- 
cause we failed to get proper cooperation from our patients. In most 
cases the discharge appeared a little more profuse after the first treat- 
ment and then gradually cleared. The acute symptoms were alleviated. 
Gonococci did not seem to disappear any more quickly than with 
other methods. Clinic patients are difficult to hold to treatment, par- 
ticularly when the symptoms 'with which they present themselves have 
abated. It has been observed that, as our technic improved, better 
results were obtained, and we are inclined to blame ourselves rather 
than the method for our earlier failures. We do not advocate this as a 
routine treatment for acute urethritis. 



^\ith posterior involvement of the urethra, which occurs in the 
majority of cases treated by any means, complications may occur, and 
H IS here that diathermy occupies first rank in the treatment. Prophy- 
^ctic treatments to the posterior urethra and prostate have been 
advised at this time, where there has been a period of inactivity with 
older methods. 

Periurethritis may occur anywhere along the urethra, but the com- 
onest sites are immediately posterior to the glans penis and in the 
perineum. The latter may be due to extension from the glands of 
lure or from inflammation in Cowper’s glands. 
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This treatment does allay all the acute symptoms and checks the 
discharge considerably, even if the infection has invaded the bulbous 
portion of the urethra, and can be used in conjunction with the 
various accepted modes of treatment, as internal medication, hand 
injections or irrigations, copious draughts of water, free catharsis, 
restriction of exercise and diet, and a taboo to sexual excitement and 
alcohol. 

In the acute fulminating types where the penis is edematous, the 
tips of the meatus and the prepuce are swollen and the patient com- 
plains of intense dysuria, palliative treatment alone can be instituted, 
as injections or irrigations are not indicated or tolerated, and dia* 



Fio a — Molded bloclw tin electrodes held In place by adhesive straps ui penure • 
Larger electrode on lop— smaller on bottom Rubber cuffs may be pulled over conn 
to av’oid shock. 


thermy occupies a stellar role and acts as an excellent palliative 
measure, as often one treatment will entirely relieve the acute symp- 
toms, and injections can be resumed shortly. , 

Redewill ct al. in a recent article maintain that with properly appiiea 
electrodes external to the penis, the urethra having been previously 
filled with 0.5 to i per cent mercurochrome, uniformly excellent 
results can be obtained with the use of diathermy. 

MacArthur reports a series of 15 cases of acute gonorrheal urethri- 
tis in which, aher the fifth diathermy treatment, the gonococcus 
could not be found in 14. In two cases a recurrence was noted. 

Our experiei’^f with diathermy in the treatment of acute gonorrhe 
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A patient with acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
mil determine the future management. It is here that a portable 
diathermy machine is indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, with the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact with the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be e.xceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

The current is increased gradually, taking at least five minutes to 
arrive at a maximum temperature of no® F., or 43.33® C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112® F. (44.44° 
C.), The temperature registered in the thermometer is degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to carry the heat away faster after a temperature of 109 to 
110° F. is reached. The milliamperemeter may vary from 1000 to 
i8oo. Many patients may not be able to tolerate this temperature at 
first, but most will be able to bear it if it is gradually attained. In 
some, however, the tolerance will not be that high, and in these the 
patients’ statements must be given as much weight as the thermometer 
in the prostatic electrode. 

The treatment should extend over a period of 40 minutes to i hour 
or longer, daily, or even twee a day until the acute symptoms dis- 
appear. 

Catheterization may have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a W’oven 
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• While this may present itself as marked periurethral infiltration, a 
large percentage undergo suppuration with -the formation of an abscess 
wth persistent urethral fistula, or a persistence of the gonococcus in 
the follicles causes recurrence of the acute urethritis. Diathermy is 
very useful in checking the inflammation and preventing abscess 
formation, and if a persistent urethral fistula be present wth demon- 
strable organisms, in eradicating the gonococci and aiding in a speedy 
closure of the fistula with abatement of the urethritis. Should an 
abscess form, diathermy is contraindicated and surgical drainage in- 
stituted. 

If the inflammation is confined to the penile urethra, two small tin 
electrodes are employed, wth the smaller one, which should be just 
of sufficient size to cover the affected area, placed on the posterior 
surface, the larger electrode directly opposite on the anterior surface, 
and both strapped in place \yith adhesive. Usually, not more than 
200 to 300 ma. are required, which is repeated daily for at least an 
hour (Figs. 2, 3). 

In cases of periurethritis involving the perineum, an electrode is 
fitted over the inflamed area on the perineum, and the block tin plate 
is used as the other electrode, employing not more than 800 to 
1200 ma. of current. 

We have observed diathermy clear up these troublesome peri- 
urethral fistulas where older methods were of no avail. If pus forms, 
It must be drained surgically. 

Acute Prostatitis 

Diathermy is the treatment of choice in the management of acute 
prostatitis occurring either as a complication of an acute urethritis, or 
in that smaller group of cases where the infection is hematogenous 
from disease elsewhere — as influenza. It far surpasses the old time- 
honored methods of applying heat — namely, sitz baths and hot rectal 
douches — because the heat can be actively directed to the prostate 
with a higher temperature, which is more uniform, and over a longer 
length of time It relieves the patient quickly of the distressing symp- 
toms, including retention of urine, if that be present, and reduces the 
size of the prostate rapidly and thereby shortens the duration of the 
disease. Outside of a slight tenesmus, which may be present at the 
introduction of the prostatic electrode at the. first treatment and 
which usually disappears afterward, it has a distinct soothing effect 
upon the patient. In accordance with accepted general surgical prin- 
ciples, if pus collects forming an abscess, prostatotomy is demanded. 
The older method of passing a sound through the urethra and rup- 
turing the abscess with the hope that it will drain into the urethra^ 
not looked upon with favor, but open operation with drainage estab- 
lished to keep from rupture into bladder or rectum. 
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A patient ivith acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
will determine the future management. It is here that a portable 
diathermy machine is indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, ivith the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact ivith the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

The current is increased gradually, taking at least five minutes to 
arrive at a maximum temperature of no® F., or 43.33® C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112® F. (44.44® 
C.). The temperature registered in the thermometer is lyi degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to carry the heat away faster after a temperature of 109 to 
no® F. is reached. The milliamperemeter may vary from 1000 to 
1800. Many patients may not be able to tolerate this temperature at 
first, but most will be able to bear it if it is gradually attained. In 
some, however, the tolerance will not be that high, and in these the 
patients’ statements must be given as much weight as the thermometer 
m the prostatic electrode. 

The treatment should extend over a period of 40 minutes to i hour 
or longer, daily, or even twice a day until the acute symptoms dis- 
appear. 

Catheterization may have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a woven 
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olivary-tipped or steel catheter if necessary, with plenty of lubrication. 
All other local forms of treatment should be stopped during an acute 
prostatitis. The same routine is carried out in an acute infection of 
the seminal vesicles. 

Diathermy has produced remarkable results in our cases of acute 
prostatitis, and, when presenting themselves early enough for pallia- 
tiv'e treatment to be instituted, prostatic abscess is a rare termination. 
Often, for patients wth acute prostatitis refusing to be hospitalized, 
and in institutions where diathermy cannot be carried out for one 
reason or another, hot rectal douches or hot sitz baths are advised 
several times daily. 


Chronic Prostatitis 

Chronic prostatitis may result as a termination of an acute pros- 
tatitis, or it may be the product of the insidious extension occurring 
in the majority of cases with an acute urethritis. It may or may not 
produce any symptoms, but with absorption it acts as a focus for a 
host of symptoms, which will not be relieved until a careful search 
reveals the prostate as an offending portal. 

The time-honored routine treatment of chronic prostatitis with 
digital massage and total bladder irrigation, supplemented with 
sounds, overdilatation of the posterior urethra, bacterin and protein 
therapy, has not produced brilliant results either in a permanent cure 
or the rapidity wth which it was accomplished. Indeed, in a minority 
of patients who present themselves with a chronic prostatitis, it may 
be impossible to get the gland in such a shape that the microscopic 
examination of the prostatlc drop does not reveal pus, even though 
the symptoms may be entirely gone. When a patient asks at the begin- 
ning in what time he may expect a cure, the truthful answer of “im- 
possible to state” rarely satisfies, and yet anywhere from “two months 
to two years with the average of approximately eleven months” is 
even less gratifying. 

Anything which tends to offer a better solution of this inaccessible 
infection is welcome, and diathermy has been offered as a means of 
shortening the duration of chronic prostatitis. It is carried out in the 
same manner as described under Acute Prostatitis, the treatment 
being given two or three times a week. Less distress is experienced 
upon the introduction of the electrode and the tenesmus is practically 
absent. At least 40-minute treatments should be given (Fig. 4). 

The diagnosis of chronic prostatitis is made, first, upon the findings 
at rectal palpation of the prostate, and secondly, on the immediate 
e.xamjnation under high-power microscopic field {Vn objective) of the 
e.xpressed secretions, wath the white biood cell count of not more 
than S per field being regarded as normal. This examination is 
carried out, of ir.,e, before any treatment is instituted, but Mac- 
Arthur advises t; a “check-up” is not necessary between treatments, 
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which should be given in series; in fact, he states that patients who 
have been given prostatic massage before their diathermy treatment 
do not respond as w’ell as those who had none, A patient should be 
given one or two series of eight or ten treatments each and then a 
“check-up” on the prostatic secretion and, if this be abnormal, the 
series repeated. 

MacArthur reports very good results from diathermy in chronic 
prostatitis. Our results like many others are variable, being not nearly 
as striking as in the cases of acute prostatitis. In a few, diathermy 
produced a cure, the cell count dropping to normal and staying there 



4 — Diathermy in chrome prostatitis Block tin electrode (6 by 8 in ) beneath 
abdomen Thermometer m shaft of prostatic electrode repisters deprecs less than is 
generated in prostate Prostatic electrode may be held firmly in place by sandbags 


^■fter repeated examinations at lengthening intervals, but in a majority 
there has been no apparent beneficial result. It is true that the symp- 
toms^ are relieved, but in other respects the condition is similar to 
that in the cases treated by digital massage, in other w’ords, discourag- 
ing Perhaps in our series of cases the treatments were not prolonged 
enough, and many of them had received previous prostatic massage, 
t was noted that careful attention to technical details gives better 
results. Again the economic conditions come up; most patients will 
not give the time necessary and have not the means to have diathermy 
a have the physical accommodations de- 

maTuled in treating all patients ivith dironic prostatitis with diathermy. 
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especially in hospital clinics. Therefore we reserve diathermy for those 
selected cases in which either by time, examination or economic con- 
dition it seems indicated. 


EproroYiirris 

Epididymitis; a complication in about 15 to 20 per cent of cases 
of acute urethritis, with greater prevalence in hospital clinic cases, is 
included in the group of circumscribed areas of inflammation which 
are amenable to diathermy. The usual palliative treatment is rest in 
bed, with elevation by a bandage or strapping, application of heat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
Local treatment must be stopped. This usually incapacitates the 
patient for from five to fourteen da}^, with the possibility that if the 
condition does not subside, incision and drainage may be necessitated. 
Some urologists do not believe in the palliative treatment but recom- 
mend immediate drainage, which results in a shorter hospital stay. 
We advocate palliative treatment except in the following conditions, 
which indicate that an epididymotomy should be done: 

1. In the relief of pain. 

2 . Cases which do not subside promptly under palliative treatment. 

3. Recurrent attacks. 

4. Bilateral cases. 

5. As a greater chance against sterility on the affected side. 

6. To enable the patient to get on his feet sooner. 

Diathermy has been recommended as a means of relieving the sub- 
jective symptoms and speedily returning the epididymis to normal. 
We have discarded the scrotal thermophore in favor of two block tin 
electrodes, cut to size and molded to fit the conditions, as described 
by MacArthur. As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered with soap lather or 
lubricating jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. 5). 
The pressure applied on the upper electrode holds the lower electrode 
in place. The tolerance to heat varies greatly in patients. As there is 
no thermometer connection, the heat should be raised gradually, using 
from 750 to 800 ma , and the treatment carried on for at least 40 
minutes to i hour after maximum temperature has been reached. At 
times it may be well to increase the heat until cutaneous discomfort 
is noticed and then reduce the current slightly so no unpleasant sensa- 
tion accompanies the treatment. Treatments for a shorter time do 
not get the desired results and should be given daily until the condition 
improves. 

MacArthur reports a series of 35 cases of epididymitis, 21 of which 
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were hospital patients. In these the average number of days before 
pain had subsided was 1.76, and the number of diathermy treatments 
required to reduce pain was 1.57. The average stay in the hospital was 
6.52 days. The patients were not discharged until all the pain and 
tenderness had subsided, as had the swelling. These patients were all 
in condition to begin local treatment. Average number of diathermy 
treatments was 3.28. There were 14 cases in his private office; the 
length of time to relieve pain was 20 days, and the number of treat- 
ments was i.g. Entire condition subsided in 6.7 days, with the aver- 
age number of diathermy treatments being 6.1. 



5— Molded block tin electrodes in acute epidid>miti5. Smaller electrode on 
posterior surface and larger on anterior May be held in place by Lght sandbag or ha\-ing 
patient hold it Pressure on anterior electrode keeps posterior electrode in place 


In 10 of the office cases, posterior irrigations were begun 9.8 days 
siter onset of the epididymitis, accompanied by prostalic diathermy, 
^ithout recurrences. In this series of 35 cases, none required opera- 
tiv-e interference. In 6 cases the patients were able to carry on mth 
their work after the first diathermy treatment, although one had a 
re<^rrence on the third day, which forced him to lay off for a day. 
Our results are by no means comparable to this and. may be 
2S indifferent. It is our e-Tperience that in a majority of cases 
e pain usually subsides as soon as the patient stays in bed wnth 
e evation of the epididymis. The diathermy treatment probably aided 
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especially in hospital clinics. Therefore we reserve diathermy for those 
selected cases in which cither by lime, examination or economic con- 
dition it seems indicated. 


Epididymitis 

Epididymitis, a complication in about 15 to 20 per cent of cases 
of acute urethritis, with greater prevalence in hospital clinic cases, is 
included in the group of circumscribed areas of inflammation which 
are amenable to diathermy. The usual palliative treatment is rest in 
bed, with elevation by a bandage or strapping, application of heat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
Local treatment must be stopped. This usually incapacitates the 
patient for from five to fourteen days, with the possibility that if the 
condition does not subside, incision and drainage may be necessitated. 
Some urologists do not believe in the palliative treatment but recom- 
mend immediate drainage, which results in a shorter hospital stay. 
We advocate palliative treatment except in the following conditions, 
which indicate that an epididymotomy should be done: 

1. In the relief of pain. 

2. Cases which do not subside promptly under palliative treatment. 

3. Recurrent attacks. 

4. Bilateral cases. 

5. As a greater chance against sterility on the affected side. 

6. To enable the patient to get on his feet sooner. 

Diathermy has been recommended as a means of relieving the sub- 
jective symptoms and speedily reluming the epididymis to normal. 
We have discarded the scrotal thermophore in favor of tw'o block tin 
electrodes, cut to size and molded to fit the conditions, as described 
by MacArthur, As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered with soap lather or 
lubricating jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. S)* 
The pressure applied on the upper electrode holds the lower electrode 
in place. The tolerance to heat varies greatly in patients. As there is 
no thermometer connection, the heat should be raised gradually, using 
from 750 to 800 ma., and the treatment carried on for at least 40 
minutes to i hour after maximum temperature has been reached. At 
times it may be well to increase the heat until cutaneous discomfort 
is noticed and then reduce the current slightly so no unpleasant sensa- 
tion accompanies the treatment. Treatments for a shorter time do 
not get the desired results and should be given daily until the condition 
improves. 

MacArthur reports a series of 35 cases of epididymitis, 21 of which 
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1. The local condition; the wcthritis may be treated in the usual 
way or by diathermy, which will not produce results if a posterior 
involvement has occurred, in which case treatment may be directed to 
the prostate. 

2. To the sterilization of the blood stream and what results may be 
accomplished by chemotherapy. 

3. To the joint. 

Here diathermy produces marked beneficial results, as the heat may 
be accurately generated. Various types of electrodes may be used, but 
the technic must be accurate to obtain results. The wire mesh elec- 
trodes have been advocated because they conform better to the 
irregularity 0! the joint. Where block tin molded electrodes are used, 
attention has to be given, i( the heat is required through the joint, 
that the electrodes are of equal size; but where ft is required that the 
heat be neater one surface of a joint, the smaller electrode should 
be placed over that, area and kept in place by strapping and sandbags. 

The method of a cuff arrangement above and below the joint does 
not work out well, the current going almost through the superficial 
tissues. The various types of molded-to-fit block tin electrodes adapt 
themselves very well. 

The treatments should be from 40 minutes to i hour daily until 
the patient is better, and the amount of current varies with the 
individual, ranging from 800 to 2000 ma. The tolerance of the patient 
is the best guide. 

Chronic Inflammation of Sheath of Corpora Cavernosa 

Chronic inflammation of the erectile tissues of the penis, especially 
of the corpora cavernosa, leads to areas of induration which, although 
painless, progress so that erection is difficult and impossible, or accom- 
plished Avith a marked curvation of the penis. The condition may 
progress until these fibrous plaques become calcareous. The etiology is 
unknown but is often associated with a rheumatic or gouty diathesis. 
The majority of these patients have a chronic prostatitis also. 

The treatment has been most unsatisfactory, with attention to any 
correction in metabolism, prostatic massage, internal administration 
of potassium iodide and often direct injections of fibrolysin, with the 
condition often becoming progressively worse. 

We have tried diathermy in several of these cases, along uith other 
mentioned^ treatment, and the results have been as good with other 
'nethods, if not better. If the fibrous plaques are formed as a result 
of chronic inflammation, then in diathermy we have the best means of 
combating this, if seen early enough. The electrodes of molded block 
tin are applied in the same manner as for periurethral conditions and, 
asting 40 minutes, the treatments are given two or three times a 
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us in getting relief, but in accomplishing the rapid reduction of swell- 
ing and getting the patient out of the hospital in six days, we cannot 
record anything like the remarkable results as reported by MacArthur. 
It has been our belief that it is unwise to resume local treatment under 
a month, in cases of epididymitis treated palliatively, but where 
epididymotomy has been performed, local treatment can be started 
sooner. We advise all cases of epididymitis to stay in bed, preferably 
in the hospital where they can be watched and where it is possible to 
carry out diathermy as an adjunct to the routine treatment of eleva- 
tion, forcing fluids and possibly nonspecific protein therapy. 

A distressing funiculitis often accompanies the involvement of the 
epididymis, and this may be treated by placing one electrode over 
the globus minor of the epididymis, while the other is placed over the 
external abdominal ring. This permits heat to extend over the acces- 
sible portion of the vas and should be carried out as previously 
described. 

The question arises, naturally, whether in those cases treated with 
diathermy, the testicular function of spermatogenesis is disturbed. 
MacArthur, attempting to answer this, was not definitely able to stale 
at the time of his report but is of the opinion that it is not. There 
were lo cases of epididymitis which were given from one to ten treat- 
ments of diathermy, after which operation was performed and a sec- 
tion of testis removed. In 6 of the lo cases, the pathologic findings in 
the testes were so severe that spermatogenesis was lost, but this could 
readily be due to the intensity of the infection and not to the dia- 
thermy. In 2 of 10 cases (one of four treatments and one of six) 
both had active spermatogenesis. In a case of chronic bilateral epididy- 
mitis, in which it was either a case of doing a bilateral epididymectomy 
or treating with diathermy, the treatments w’ere given to both epi- 
didymes, after which all the pain and swelling subsided. One month 
later, semen showed actively motile sperms and this was checked up in 
another similar case and motile sperms found. The consensus of 
opinion is that there is no permanent damage. 

Diathermy should be withheld and epididymotomy employed when 
actual pus formation is present. 

Arthritis 

The acute arthritis, which occurs as a metastatic complication of 
acute gonorrheal urethritis, is a serious affair and demands prompt 
and efficient remedial measures, else the individual may be crippled 
for life. WTiile nearly any joint may be affected, the larger joints as 
the knee, ankle, hip and elbow are mostly involved and it may be 
polyarticular. Synovitis and tenosynovitis may accompany it. 

The treatment should be directed to three main issues: 
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to disturbances of micturition, mostly frequency and perhaps some 
pain at the end of urination. The urine-is usually clear and free from 
pus. The experienced cystoscopist will have no difficulty in diagnosis, 
and the polyps are quickly and easily destroyed by electrocoagulation. 
A large block tin electrode, 6 by 8 inches, is placed beneath the pa- 
tient’s buttocks, then mth a No. 6 French Bugbee electrode in the 
cystoscope, the tip is placed in contact with the base of the polyp and 
with a low current it is quickly destroyed. Much better vision and 
manipulation may be obtained by having a continuous stream of boric 
solution flowing to distend the urethra. The current should not be too 
strong, not nearly as much as is used in destroying tumors of the 
bladder, as the posterior urethra is more sensitive and the patient does 
not tolerate this as well. We usually employ local anesthesia only, 
which is obtained by placing a tablet consisting of one grain of novo- 
caine in the posterior urethra with a tablet depositor, which is espe- 
cially designed for that purpose. If the patient is nervous and appre- 
hensive, a hypodermic injection of morphine and atropine is given one- 
half hour before the operation, or some other sedative like sodium 
amytal may be used. Caudal anesthesia has been used and, where the 
occasion demands it, general anesthesia, where due caution must be 
taken in regard to electric sparks and ether if used. 

Usually such growths can be destroyed at one sitting, and the patient 
is advised to return in several weeks for observation. 

The same treatment is applicable and the response equally as good 
in similar diseases of the posterior urethra, as tumors of the verumon- 
tanum, hypertrophy of the verumontanum and granulation tissue in 
the posterior urethra. We have used this bipolar method of electro- 
coagulation in cases of varices or bleeding coming from the posterior 
urethra, in some instances following topical application of silver 
nitrate, when nothing else would control the marked hemorrhage; 
^Ith continuous dilatation of the urethra, the bleeding point is sought, 
and, placing the tip of the Bugbee electrode on it, electrocoagulation 
IS accomplished with a low current. 

The interest of urologists has been revived recently in the handling 
of patients suffering from what has been called a median bar, which 
may be either fibrous or glandular. The bladder neck may become 
sclerosed and contracted by fibrous scar tissue, and this may be 
termed fibrous obstruction and may follow prostatectomy The first 
^’ork and attempt at correction was done by Guthrie just one hundred 
years ago, and it was stated by him that only those bars or obstruc- 
lons which were not associated with glandular enlargement were 
amenable to the instrumentation he devised before the days of direct 
Vision of these contractures. This method fell into disuse and remained 
uprmant until Young brought forth his punch, with which pieces were 
itten out of the bladder neck at various angles until the obstruction 
/amoved. The great danger in this procedure was hemorrhage, 
no It has been our custom to do a suprapubic cystotomy and bite out 
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week. As this disease is slowly progressive, it may be some time before 
definite signs indicate that even this treatment is of no avail. 

Enuresis 

Enuresis in children is essentially a functional disease with a natural 
tendency toward cessation at puberty. Often a careful physical exam- 
ination in male children will disclose some alteration in the urine, 
irritation about the meatus or glans, stricture calculus or spina bifida 
occulta, the correction of which will arrest this condition. Curtailing 
the fluid intake after 4 p.m. and the placing of a large wooden pill 
box or wooden spool in the lumbar region with a string that may be 
tied around the waist, which will shift the child when an attempt is 
made to sleep on the back, are often sufficient to effect a cessation 
of the enuresis. Of the remaining cases, we have found by a cysto- 
scopic examination, mostly under a general anesthetic, that the pros- 
tatic urethra is usually markedly congested, with an enlargement and 
engorgement of the verumontanum. With the tip of the No. 6 French 
Bugbee electrode placed on the verumontanum through the cysto- 
scope and a large electrode beneath the buttocks, the bipolar current 
is turned on and the verumontanum clectrocoagulated. 

We have seen a number of young boys where this treatment was 
highly effective, enuresis not being resumed after a single treatment. 

Urethra 

There are several conditions involving the urethra, particularly the 
posterior urethra, in which eleclrosurgery produces brilliant results, 
that in the past have been difficult to accomplish with the older 
methods of sounds, overdilatation of the posterior urethra and the 
topical applications with silver nitrate. 

The general practitioner is usually not equipped nor has he 
ability to make cystoscopic examinations, but he should bear in mind 
that patients complaining of some disturbance of micturition, such as 
frequency or burning, or possibly terminal hematuria, may have some 
pathologic change in the posterior urethra, which will account for this 
even though the cystoscopic examination fails to reveal any abnormal- 
ity in the bladder or kidneys. The expert makes it a part of the routine 
examination, after completing the inspection of the bladder, thoroughly 
to investigate the urethra. This is best carried out with the cysto- 
urethroscope or convex sheath and having a continuous stream of 
boric solution flowing all the time to distend the urethra. This makes 
a better instrument for diagnostic purposes, at least, than the ordi- 
nary urethroscope, with either the curved posterior tube or straight 
tube, and permits a thorough inspection of the entire urethra. 

At times small polyps or polypoid formations are found at the 
vesical neck or just outside in the prostatic urethra, which give rise 
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Ceilings has always emphasized that this electrical excision is only 
applicable in fibrous bars and be does not recommend its use in the 
glandular type. The knife-like electrode is introduced through the 
modified McCarthy foroblique panendoscope, and the excision carried 
out under direct vision, which is aided by continuous irrigations 
throughout the operation. 

The patient should be hospitalized and the operation carried out 
under caudal anesthesia, or, as we have ascertained in the last few 
cases, local anesthesia, the drug being given directly into the bar by a 
long needle attachment to the hypodermic syringe. A large block tin 
electrode is placed under the buttocks for an inactive electrode. 

The author states: “The cysto-urethroscope is passed into the blad- 
der. With the bladder partially distended, and the inflow and outflow 
of water regulated, the electrode is engaged upon the bar at 6 o'clock. 
The current is turned on and marked bubbling is noted. The protein 
molecules are exploded by jostling of the high-frequency oscillations. 
The urethroscope and electrode are slowly pulled back en viassz 
until the verumontanum appears. A white furrow about 2 mm. deep 
is seen. The instrument, ^vith the electrode in the furrow, is then 
pushed forward and through the bladder neck. Working back and 
forth in this manner the groove is gradually widened and deepened. 
Cut until you see the last obstructing fibrous band has been sawed into. 
One can, from the verumontanum, look down a deep valley (perhaps 
1.5 cm. deep) and see the base of the bladder. Persist in your efforts 
^^tii.you are satisfied the patient has a wide open bladder neck. If 
this is accomplished, the patient will be relieved We w’ere all timid 
at first and cut too little. Do not be afraid of the rectum — it is still 
1-5 cni. away (as determined on the cadaver). 

“By turning the knife blade sideways one engages the blade on the 
bladder neck at 5 o’clock. Cut downward and backward until the 
intervening tissue is W’hittled away. This procedure is repeated at 
7 o’clock. 

‘The Operation can be slowly and precisely performed in about 20 
minutes. 

There is only a minimal amount of heat penetration beyond the 
me of incision. By microscopic examination we have found tissue 
de^ruction extends only i to 2 mm. beyond the cut.” 

The one drawback to this procedure has been the necessity of an 
to deliver the cutting current. The ordinary diathermy or 
. ‘S^'^^^quency machine wll not deliver this current. We now employ 
C Tv *■ *^‘*' same Westinghouse machine as used in the modified 
in^t operation. For the visual excision of fibrous bars, this 

ob f is effective, but it is not suitable for the glandular types of 
^®‘^ber is it as rapid nor has it as much latitude as the 
filled Caulk, which formerly carried this out without direct vision, 
mov* ^o^^ceived the idea of a loop excisor, and in 1926 started a 
’ement which has been termed variously as transurethral prostatic 
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the pieces under direct vision, so the hemorrhage, if there were any, 
could be controlled at that time. 

Recently, some new instruments have been offered for the correc- 
tion of this obstruction, some of which employ direct vision, and from 
being relegated to a palliative procedure, a wild enthusiasm has swept 
along to such an extent that not only are the fibrotic median bars 
attacked but resection of glandular hypertrophy, so that in a large v 
urban hospital no radical prostatectomy has been carried out during 
the past year. 

Formerly, this method was advised in those obstructions of the 
vesical neck due to a fibrous median-bar formation where the glandu- 
lar element was not the primary factor; in contractions of the neck 
following prostatectomy; as a palliative procedure in those cases which 
for one reason or another could not stand a radical operation and 
where enough tissue could be removed to prevent retention; and 
lastly, in cases of carcinoma of the prostate for the relief of reten- 
tion, with no expectation of a curative process. 

Caulk has devised an ingenious punch to correct obstructions at 
the bladder neck. The instrument is an electrical adaptation of the 
Young punch and, while observation of the portion to be excised may 
be carried out prior to the excision, the actual punching is carried 
out without visual aid. Recently there has been added a visual system 
to this punch. The patient should be hospitalized. The anesthesia may 
be caudal or local, employing the long needle attachment to the 
syringe, and the operation may be carried out painlessly with the ex- 
ception of the point when the tissue is just being completely excised. 

A large block tin plate is placed beneath the buttocks for the inactive 
electrode. The author states that the heat generated does not destroy 
this removed tissue and a histopathologic section may be made where 
diagnosis is desired. He has further stated, recently, that not only are 
the fibrous contractures at the bladder neck amenable to this opera- 
tion but he is employing it in the glandular types of obstruction, 
namely, hypertrophy, cutting sections at various angles to relieve the 
obstruction, following which there w'as noticed a recession in the size 
of the gland. 

Birdsall has modified the Caulk punch by enlarging the fenestra and 
employing a cutting current as delivered by the portable endotherm, 
a spark gap machine of the Westinghouse Company, which combines 
medical and surgical diathermy with a cutting current. The hemor- 
rhage is minimal, and a Robinson catheter, No. 24 French, is tied in 
for forty-eight hours. There are some patients whose urethra will not 
take this No. 28 French instrument; general contraindications will be 
discussed.later. 

ColHngs has offered a method of electrical excision of these bars by 
utilizing the cutting current. The oscillations of the cutting current 
are some fourteen or fifteen times faster per second than the fulgurat- 
ing high frequency suggested by Beer and require a special apparatus. 
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only factors to be considered in the end-results, even if the remainder 
of the gland undergoes retrogressive changes. 

Bladder 

With the introduction of the high-frequency current presented to 
urology by Dr. Edwin Beer, in ipro, the treatment of benign tumors 
of the bladder was completely revised. The poor results following 
open operation were so discouraging that the profession welcomed this 
new electrosurgical procedure and today it is the accepted mode of 
treatment. It is essential that the correct diagnosis be made, and the 
expert cystoscopist is able in well over 90 per cent of cases to differ- 
entiate between a noninfiltrating benign tumor and an infiltrating 
malignant tumor. Failure to respond to electrocoagulation is sugges- 
tive that the growth is malignant. 

Beer advised the monopolar current, but the bipolar current is used 
mostly now, A large 6 by 8 inch block tin electrode is placed beneath 
the patient’s buttocks to act as an inactive electrode. The cystoscope 
with the Bugbee electrode is passed into the bladder, and the tip of 
the electrode is placed at the base of the narrow pedicle and the 
papilloma destroyed- WTiere the base cannot be seen, the electrode 
U placed against this projecting mass, but the tumor is destroyed 
more quickly when the base can be attacked. \\Tjen the current, which 
may be used stronger here than in the posterior urethra, is turned on, 
a stream of bubbles arises and pieces of tissue may seem to burst. 
The speed of destruction depends upon the size of the tumor, but most 
papillomas can be destroyed in several sittings. As there is a marked 
tendency to recurrence, approximately 40 per cent, the patient is 
requested to report at three months’ intervals for the first year, si-x 
months' intervals the second year and yearly thereafter to check up 
against recurrence. 

When the tumor discovered in the bladder is considered malignant, 
the question of the form of treatment is most important, first, in that 
|he prognosis depends upon how early and accurately the diagnosis 
IS TOde, and secondly, as there is no universally accepted treatment 
and each case is a study in itself, the procedure employed being 
^^^ndent on many factors. 

, is no accepted pathologic classification of bladder tumors, and 
he cystoscopist should rely upon the clinical classification of malig- 
nancy. The expert cystoscopist is able to give a better opinion than 
anyone else, notwithstanding that biopsy has been advised in doubt- 
ul cases, despite the warning that this may disseminate the growth 
^^Pfilonias are considered potentially malignant and are liable 
iin malignant degeneration if not destroyed. The cystoscopist 
malignant tumors into two types — noninfiltrating and 

family physician rests the responsibility of early diagnosis 


divides the 
infiltrating. 
Upon the 
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resection and punch prostatectomy. Davis proved the practicability 
of loop resection by reporting in 1931 a series of 100 cases with no 
fatalities. Marked improvement had been made in the machines pro- 
ducing the cutting current and in the switching devices to the coagula- 
tion current for the arrest of hemorrhage. McCarthy, alive to its 
possibilities, proceeded along scientific lines to produce a unit nearer 
to perfection. Enlisting engineering aid, the “McCarthy surgical unit” 
has been offered as the last word in the tube-set high-frequency 
machine. The controversy has not been definitely settled as to whether 
the tube-set or a spark-gap machine is the better type. It is claimed 
that the tube-set has many advantages over the spark-gap and none 
of its disadvantages, due to its uniformly continuous o.scillation, which 
makes cutting smoother. From the practical standpoint in our clinic, 
the cutting and coagulation current, as produced from a portable 
spark-gap endotherm, is very effective. 

A special bakelite sheath is provided for the panendoscope, and the 
resection carried out under direct vision. Multiple bites are necessary, 
and usually the first bite is the largest. The patient should have a 
permanent catheter for several days. 

The same careful examination and preparation are as necessary for 
these patients as for those who are candidates for a radical operation, 
where renal and cardiovascular tests besides others have to reach a 
certain standard before the patient qualifies. Most of the instruments 
used for resection are of fairly large caliber (No. 28 French), certain 
urethras tolerate such manipulation poorly and urethral fever results 
as after any other instrumentation; this should be carefully guarded 
against, as well as ascending infection. We have seen several cases of 
stricture formation follow, particularly near the meatus. While^ the 
procedure has been described as bloodless, it may be far from this at 
times. With new improvements in switching from the cutting to the 
coagulating current, much hemorrhage is controlled wth the coagulat- 
ing electrode and this should be carried out after each bite is removed. 

It takes considerable manipulative skill to become a resectionist, 
even if one is more than fairly familiar wth the cystoscope, and it 
has been discarded by some after several disastrous attempts. We 
have had and seen certain cases where radical operation had to be 
carried out where attempts at resection had failed for one reason or 
another. 

Not every prostatic enlargement is suitable for resection, and cases 
carefully selected will give the best results. Certain it is that those 
prostatics with intravesical complications such as stone, tumor or 
diverticulum are not suitable candidates. Very large intravesical and 
large intra-urethral enlargements are difficult to handle and often 
impossible. 

Sufficient time has not elapsed for ultimate evaluation of this 
procedure, for recovery and relieving of residual urine are not the 
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generally regarded as hopeless. In certain climes the papillary car- 
cinomas are destroyed by cystoscopic electrocoagulation, and radium 
is applied by a cystoscopic carrier, with results comparable to other 
means. Again, radium has been applied in all cases of noninfiltrating 
and infiltrating growths, and results comparable uith surgery have 
been obtained in the earlier cases; attacking those advanced cases 
where surgery is contraindicated, it has relieved the patient of symp- 
toms and extended the duration of life. * 

Surgical diathermy has been advised for carcinoma of the prostate, 
attacking by the perineal and also suprapubic routes, but has not 
found much favor. The results of treatment of carcinoma of the pros- 
tate are even more discouraging than that of carcinoma of the bladder. 
We used this method on one patient, who died of a severe hemorrhage 
from the prostate three days after operation. 

The best results in carcinoma of the prostate have been in those 
cases which were not suspicioned prior to operation, nor suspected at 
operation, but with the diagnosis made by histopathologic section after 
complete enucleation. 

Those cases which are suspected at operation, but where the gland 
has been completely removed and diagnosed definitely in the labora- 
tory, are next in line. Postoperative roentgen-ray therapy is advised. 
Where the diagnosis is suspected prior to operation, radical removal 
is not usually advised, except by Young, who recommends extra- 
capsular prostatectomy if the gland has not broken over the capsule. 

Radium has been advised in these cases and may be applied in the 
form of seeds, either by e.\posing the gland suprapubically and then 
perineally or by implanting through a needle in the perineum. The 
roentgen ray w’ill disclose the exact position of these implanted seeds. 
The histopathologic diagnosis may be made by aspirating some of the 
prostatic tissue through a special needle. Roentgenograms should be 
made of the bones and lungs to rule out metastasis before any treat- 
ment. 

The roentgen ray wll often relieve the distressing pain in the back 
and legs, which may be the first subjective symptom. The prognosis 
IS bad. 

Ureter 

The treatment for stenosis of the ureteral orifice formerly w’as in- 
cision, which was liable to be attended with severe bleeding and w’hich 
m a few reported cases necessitated cystotomy. This also applied to 
hose cases where there was a distinct bulging of the last centimeter 
° occlusion by a stone. 

the ureteral orifice can now’ be slit for any reason by surgical dia- 
hermy through the cystoscope. With the patient prepared as for cysto- 
scopic electrocoagulation, a special electrode with a small Y-shaped 
•P IS introduced into the orifice, and, with the bipolar current, the 
roof of the ureter is incised for a short distance. This may be accom- 



24 Physica! Therapy in Vrohgy 

in these cases of malignant tumor of the bladder. With the cardinal 
symptom of often painless hematuria, the patient consults his advisor, 
who too often complacently administers a urinary antiseptic and is 
readily satisfied if the hematuria ceases in a day or two. Insistence 
of (ystoscopic examination at this time would do more for the patient's 
prognosis than our most effective treatment later on. 

With a sessile type of tumor, the best information with regard to 
what extent infiltration has taken place is obtained fay an acrocysto- 
gram and a cystogram, which we employ routinely. A roentgenologic 
examination should be made of the bones of the pe3vis and spine, and 
of the lungs for possible metastasis, which is late and rare in those 
carcinomas affecting the bladder only, but common in those cases 
associated with carcinoma of the prostate. 

Leading authorities agree that the best results are obtained by 
radical surgery in those selected* early cases where the tumor is 
favorably situated for excision, with or without resection of the ureter. 
Total cystectomy with transplantation of the ureters has a high mor- 
tality except in the hands of the most expert. 

In those cases which are either too extensive for resection or un- 
favorably situated but yet not too far advanced and without visible 
evidence of metastasis, we advise a combination of a suprapubic cys- 
totomy and destruction of the tumor by diathermy. General anesthesia 
is employed, and an inactive electrode, 6 by 8 inches, is placed under 
the sacrum. The active electrode is selected from several she? of fiat 
disks and screwed on the handle, and the strong current is controlled 
by a foot switch. Due precaution must be taken if ether is used as 
an anesthetic, on account of the sparking by the machine. After 
cystotomy, the active electrode is introduced directly on the tumor 
and it is destroyed by electrocoagulation. The charred tissue may be 
removed by a curet, and the destruction is carried out wide of the 
tumor tissue. Little attention is paid to the ureteral orifices, and usu- 
ally there is no retention on the involved side. In a series of cas^ 
treated in this manner a few years ago, we implanted radium in the 
destroyed base, but the results were no better than in those who did 
not receive radium, so we discontinued it. Roentgen-ray therapy 
should precede and follow this procedure. This combination of surge^ 
and diathermy is not designed primarily to be curative, but it wiH 
relieve patients of distressing symptoms, improve their condition, in 
some cases allow them to return to their occupation and add a lew 
years to their life We have a few cases where the diagnosis was con- 
firmed by histopathologic section that are living and well five to eight 
years after operation 

In those advanced cases, any tr^tment other than palliative has a 
tendency to hasten their end, so we usually resort to roentgen-ray 
therapy and cystotomy when retention occurs. , 

The so-called papillary carcinoma or noninfiltrating type responds 
belter to treatment than the infiltrating type; in fact, the latter is 
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did not commence until they had exposed themselves to sunlight, 
following which healing was rapid. 

In the bilateral cases, surgery is usually contraindicated and helio- 
therapy has been advised. Biatbeimy has been advocated ioi paiiiative 
purposes, but mostly frowned upon. In some cases there is a persistent 
and distressing cystitis which resists all palliative measures. Beer 
states that fulguration of these ulcerations and granulations does pro- 
duce temporary relief, and reapplications of the current may be 
necessary. 

Genital tuberculosis, primary in the epididymis and going on to 
suppuration, is amenable to surgery, and epididymectomy is indicated. 
There is a marked tendency to become bilateral. It should be borne 
in mind that the infection in the epididymis may be secondary to that 
in the kidney, and the kidneys ruM out before any surgical procedure 
is carried out. Diathermy is contraindicated. Tuberculin given thera- 
peutically in the form of bacillus emulsion has proved beneficial in 
cases where focal, local and general reaction has been avoided. 

Testicle 

Following the suggestion of Ewing who stated, in 1911, that all 
tumors of the testicle should be regarded as teratomas or mixed 
tumors, we advise radical surgery as soon as diagnosis is made. Mostly 
in young adults in the third decade, the condition is highly malignant 
and the prognosis bad, with metastasis occurring mostly to retro- 
peritoneal lymph nodes wthin a year, whether or not a radical re- 
section of the lymph nodes up to the lumbar group is carried out. 
The Memorial Hospital of New York City reports encouraging results 
with the application of radium, but these have not been found else- 
where. 
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panied >vith the Bugbee electrode if one is expert. Slitting of the 
lower vesical portion of the ureter will often permit the prompt passage 
of stones, which have been lodged at this narrowest portion of the 
ureter. 

Medical diathermy has been recommended for patients with stones 
in the ureter or kidney, but it is not much used. As heat often relieves 
these conditions, diathermy should be more efficacious, but, in our 
experience, those patients with a ureteral colic require morphine hypo- 
dermically and ivill tolerate nothing during the attack of severe pain. 

Kidney 

We have had little experience with diathermy in renal conditions, 
but it has been advocated in all those cases where heat was formerly 
employed. As the kidney is closer to the posterior surface, the smaller 
electrode, 4 inches square, is placed over the kidney region, and the 
larger, 10 by 8 inches, is placed on the upper abdomen. The current 
is increased gradually %vith the amperage averaging 1000 to 2000. 
This should be over a period of 40 minutes. 

In tumors of the kidney, diathermy is contraindicated. Early diag- 
nosis as made by chromo-ureteroscopy, pyeloscopy, retrograde or 
intravenous urography indicates surgery with preoperative and post- 
operative roentgen-ray therapy. In those larger hypernephromas which 
are regarded as inoperable, roentgen-ray therapy has a marked tend- 
ency to relieve pain, stop hematuria and produce a marked diminution 
in the size of the tumor. 

Roentgen-ray therapy is indicated also in the mixed tumors of the 
kidney seen in children and where removal cannot be accomplished. 

Genito-urinary Tuberculosis 

Long clinical experience has placed genito-urinary tuberculosis, with 
the primary seat in the kidney, upon a surgical basis. Always second- 
ary to tuberculosis elsewhere, it is spoken of as primary in the par- 
ticular region of the genito-urinary tract that it affects first, usually 
the kidney and epididymis. AVhile theoretically tuberculosis may begin 
as a bilateral affair, it clinically develops as a unilateral affair, and, 
when diagnosis of surgical kidney is made, nephrectomy should be 
carried out. In certain selected, bilateral cases when one kidney is 
only slightly impaired and its fellow more so, the better kidney has 
improved after nephreciomy of the worse one. 

As the condition is systemic, the patient is by no means cured 
nephrectomy. There is a marked tendency to breaking down of the 
wound. A general antituberculosis regime is advocated — rest, good 
food and fresh air. Under the last head, heliotherapy carefully 
out has a distinct place, and it has been reported by Bumpus that 
some patients volunteered the information that healing of the wouna 
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PHYSICAL AGENTS IN TREATMENT OF GYNECOLOGIC 
CONDITIONS 

Grant E. Ward, M.D., F.A.C.S. 

SECTION I 
DIATHERMY 

History. — ^The employment of high-frequency currents for medi- 
cal or surgical purposes has come to us through a long process of de- 
velopment, brought about by the untiring, gratuitous, cooperative 
labors of a group of physicists and rnedica! and surgical investigators, 
to all of whom a debt of deep gratitude is due. As one reviews the 
history it becomes evident that advances were often simultaneous and 
quite independent in widely separated areas, making it difficult at 
times to assign priority in the construction of apparatus and improve- 
ments in technic. Elsewhere the history and physics of high-frequency 
currents and their biophysical effects are given in greater detail than 
IS possible or necessary here; suffice it to define a few terms for clarity. 

Definitions. — Diathermy, in the simplest and most exact sense, 
means “to heat through/’ From the word alone no electrical connec- 
tion is evident, but, since its incipiency, diathermy has been used to 
designate that form of heat produced ^vithin the living tissues by 
the passage of a high-frequency current through them, when this heat 
IS not destructive but within physiologic limits. Within the last few 
years radio-tube apparatus have been devised for diathermy treat- 
ments, which create an electromagnetic field between two large plates 
so that when the patient is placed within this field a rise in general 
body temperature to 105 or 106° F. results. 

Electrosurgery, on the other hand, is the utilization of properly 
regulated high-frequency electric currents in the performance of sur- 
S'oal operations, as in making incisions in normal tissue, excising dis- 
eased areas, or in the desiccation (dehydration) or coagulation de- 
s ruction.^ The therapeutic agent is the electrically developed lethal 

eat wihin the tissues themselves, in contradistinction to the physio- 
logic heat of diathermy. 

. ^udothermy is a name coined many years ago but not empha- 
or enlarged upon until the notable work of George A. Wyeth in 

924. home authorities claim for Germany the origin of this word; 
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Obviously ^Yith strong currents higher temperatures are generated; 
a happy balance between voltage and amperage must be obtained to 
generate the proper amount of heat without shocking and pain. As 
the application is prolonged the temperature rises to a point where 
the conduction and radiation disperse the heat as rapidly as it is 
formed and a state of equilibrium easts, the given current maintain- 
ing the same temperature, as a rule, and any increase in the current 
strength increasing the heat proportionally. 

Such conditions prevail in a homogeneous medium, but in the body 
certain variations occur due to the different densities of the body tis- 
sues through which the currents pass. The denser tissues offer in- 
creased resistance, allowing less current to flow through with corre- 
spondingly less temperature rise. Tissues vary in density from greatest 
to least as follows: bone, cartilage, ligaments, fascia, skin, muscle 
and fat Heat is also dispersed by radiation and by conduction of the 
blood stream. 

High-frequency currents are known to travel on the surface of metal 
conductors. That this also holds in the case of organic substances w'as 
shown by Bettman and Crohn, who worked with bologna sausage, 
observing that the highest temperature registered at the periphery, 
just beneath the skin of the sausage. This then brings about a dif- 
feten« of opinion from the theoteVk aspect described above. From a 
practical standpoint, however, investigation reveals increases in deep 
temperatures during the application of high-frequency currents, de- 
pendent on the strength of current and balance between voltage and 
amperage; in other words, in spite of the variations in tissue struc- 
tures and densities, temperatures in deeper organs, as the lungs, liver 
and pelvic organs, are moderately raised by diathermy currents, the 
depth of this temperature and Its exact location being determined by 
the size, shape and location of the electrodes. Bettman and Crohn 
further demonstrated that when agar-agar is the homogeneous con- 
ducting medium, temperatures occurred midway between equal-sized 
electrodes or nearer the smaller of two electrodes of different area. 
If a piece of bone or other nonconducting substance is placed in the 
center of the agar, the electromagnetic waves are bent around the 
bone, and a concentration of current with a greater rise in tempera- 
ture appears at the periphery of the bone. E. A. Weinberg and the 
author (unpublished) have confirmed these observations in living dogs 
by inserting a clinical thermometer in a hole bored in the bone of the 
oreleg and another in the surrounding soft parts, while diathermy 
''as applied, higher temperature readings being obtained in the soft 
parts next to the bone. 

Diseases. — In discussing the use of diathermy in gynecology, the 
vriter will refer freely to the work of Corbus and O’Conor, and 
jj, Cherry and others (see bibliography). In spite of some 

foretic and laboratory e\ddence to the contrary, heal penetration is 
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others, that Mr. Kurt Stoye, a phj^icist, was the first to utilize 
it. Endothermy literally means “heat from within.” Wyeth calls 
electrodesiccaiion “monoterminal endothermy”; electrocoagulation, 
“biterminal endothermy”; and the cutting current, “endotherm knife.” 
Further differentiation of clectrodesiccation, electrocoagulation and 
cutting is given under “electrosurgery.” 

The term “uniterminal” refers to one cable connection between the 
small active electrode and the instrument, the patient acting as a con- 
denser, disseminating the current, which then returns to the generator. 
“Biterminal” infers two direct connections between patient and ap- 
paratus: (i) a small active electrode, concentrating the current to 
raise the local temperature wathin physiologic limits (diathermy) 
or above that lethal to the tissues (electrosurgery), and (2) a large, 
inactive or plate electrode in close contact with the patient’s skin at 
a point distant from the treated area. Frequently, two equal electrodes 
are employed to raise uniformly the temperature of a part of the body 
or extremity. In medical literature the words “bipolar” and “mono- 
polar” were extensively used, W as there is no polarity to a high-fre- 
quency current such terms are erroneous. 

Physiology. — The physiology of heat is thoroughly discussed in 
Volume I. Diathermy heat is, because of its mode of production, much 
more penetrating than that from any other source. As high-frequency 
currents pass through the tissues, heat develops wthin them, differ- 
ing in this way from the radiation and conduction heat of hot instru- 
ments applied to (he surface of the body, as hot-water bottles, hot 
baths, the Paquelin or electric cautery, etc. Painstaking clinical and 
laboratory researches have proved that this heat penetrates to practi- 
cally any depth of the body and raises the temperature of deep- 
seated organs. Therapeutic temperatures of 108® F. can be obtained 
in the urethra and rectum, and in® F. in the cervix. With this eleva- 
tion there is pari passu an increase in the oral temperature from 0^5 
to i.o degree. Such temperatures produce the familiar physiologic 
effects of dilatation of blood vessels and increased circulation, and 
have sedative effects upon the nerve endings and relaxation of the mus- 
cles. These effects bring the body defense mechanisms, leukocytosis 
and swelling of the tissues with exudation of blood plasma, to fight 
disease or promote repair processes. Certain authors claim a most im- 
portant function to be the germicidal action upon invading organisms, 
particularly the gonococcus, noted for its susceptibility to moderately 
high temperatures, but more recent investigations disprove this as- 
sumption. The above facts place diathermy among the standard treat- 
ments of gynecologic diseases. 

The degree of heat applied is under the direct control of the opera- 
tor, being varied by (i) size of the electrodes, (2) densities of the 
tissues treated, (3) amount of current utilized, and (4) duration of 
application. 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body’s natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
i8 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48® C., w’hile the vaginal temperature registered 44® C. For this treat- 
ment a special electrode (Fig. i) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding tw’o degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases with disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapists and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46® C. could be obtained, the causal agent would be destroyed, 
with incidental redaction In the inflammation. Such specific heat 
effects are questioned by Scheffcy and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s 100 cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients^ or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
tis or bartholinitis. The degrees of pelvic involvement varied from 
small, thickened, tender adne.xa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
uiasses. 

The results in this series of cases are so remarkable that a few 
figures are of interest. In all there was practically instant relief of 
pain. The masses disappeared entirely in 18 of the 77 and were re- 
duced in size in 14 move, a total improvement of 32, or 41.5 per cent, 
ine complete disappearance of the inflammatory tumor seemed more 
fo occur where there was an initial attack of adnexal infection, 
"hue in the chronic ones the reduction in size and subsidence of the 
acute symptoms made the lesions practically innocuous, although re- 
fraining palpable, requiring. more prolonged diathermy. Forty-nine 
the 77 were entirely relieved of s3anptoms, operations being un- 
ecessary or refused; the other 28 were operated on. At operation 
and Tv were found to be hyperemic, soft, edematous and smooth, 
adhesions vascular and thin in contradistinction to the thick- 
ea, fibrous type so frequently encountered in chronic pelvic in- 
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regulated by varying the size and shape of electrodes and their points 
of application. In this manner, therapeutic temperatures are applied to 
the urethra, vagina, cervix and even the adnexa, when they are the 
seat of salpingitis or tubo-ovarlan abscesses. The amount of heat 
tolerated by ^e normal tissue, without destruction or coagulation, 
probably varies between 55 and 58® C. Cherry applied diathermy 
through the abdomen of a dog, heating the bladder and rectum to 
52® C. without histopathologic changes. He also developed 55® C. in 
the human cervix for 10 minutes, without any gross tissue changes. 




Fic. I — Cherry's vaginal electrodes. Active metal surface comes in contact with 
cen-ical and vaginal tissues An open window connects with a canal which passes througn 
upper surface of electrode its entire length This allows introduction of thermometer, 
with bulb in contact with vaginal tissues, giving accurate measurements of heat dosage. 
A, electrode used in the treatment of cervic and adnexa. B, electrode with larger 
surface for application to urethra, utilized at same treatment for cervic and adre«. 
C, Cherry’s recently improved modcL 

It is well known that living tissue dies at 60° C., temperature also 
lethal to the gonococcus, which is vulnerable to as low a temperature 
as 42° C. for ten minutes. 

Diathermy treatment of pelvic infections causes ' hyperemia and 
quickened circulat*‘'n, with reduction in stasis in the engorged vessels 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body’s natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
i8 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48° C., while the vaginal temperature registered 44® C. For this treat- 
ment a special electrode (Fig, i) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases wdth disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapists and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46® C. could be obtained, the causal agent would be destroyed, 
wth incidental reduction in the inflammation. Such specific heat 
effects are questioned by Schefley and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s lOo cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
tis or bartholinitis. The degrees of pelvic involvement varied from 
small, thickened, tender adnexa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
masses. 

The results in this series of cases are so remarkable that a few 
figures are of interest. In all there was practically instant relief of 
pain The masses disappeared entirely in 18 of the 77 and were re- 
^ced in size in 14 more, a total improvement of 32, or 41.5 per cent, 
the complete disappearance of the inflammatory tumor seemed more 
^cur where there was an initial attack of adnexal infection, 
^hile in the chronic ones the reduction in size and subsidence of the 
acute symptoms made the lesions practically innocuous, although re- 
palpable, requiring .more prolonged diathermy. Forty-nine 
the 77 were entirely relieved of symptoms, operations being un- 
ecessary or refused; the other 28 were operated on. At operation 
found to be hyperemic, soft, edematous and smooth 
® 2'^besions vascular and thin in contradistinction to the thick- 
ccl. fibrous type so frequently encountered in chronic pelvic in- 
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flammatory disease. Consequently, operation was greatly facilitated, 
the tumors being readily delivered with a minimum of trauma to sur- 
rounding structures. The contents had been reduced by the treatment 
to a thin, watery, straw-colored fluid instead of the usual thick, 
creamy, purulent exudate, and all cultures were negative. The lessened 
operative trauma made convalescence free from discomfort and pain, 
vomiting and distention. Only two wound infections occurred — 7.7 
per cent as against 30 per cent wound infection in a large series that 
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FiC. 3. — ^Application of Cherry's vaginal electrode "A” for cervical and adnexal infection 



Fic 3 — Cherrj-’s clet * de “B" in pbee for treatment of urethra, cervix and adnexa. 
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had no preoperative diathermy treatment. In summary, Cherry says: 
“I would venture the assertion that diathermy is probably the most 
satisfactory available agent for the conservative treatment of pelvic 
infections due to the gonococcus. It relieves pain, diminishes the pelvic 
masses and aids in complete resolution. Used as a preoperative thera- 
peutic measure, it will eliminate many of the technical difficulties in 
the removal of large pelvic masses and thereby contributes a smoother 
convalescence. Incidentally the percentage of postoperative wound in- 
fections is lessened.” Further investigation and verification of these 
results should be carried out in our larger clinics. 



Fio. 4 — Chapman electrode in place treating cer\nx and adnexa (Courtesy of Journal 
of Radiology ) 


There are data at present insufficient to state whether pelvic infec- 
hons other than those of gonococcal origin, such as follow parturi- 
non or abortion, will yield so readily to diathermy. The little available 
seems to point in the adverse direction. The streptococcus, 
staphylococcus or colon bacillus requires a temperature of 58 to 60° C. 
or destruction. Diathermy, through the pelvis, raises the tempera- 
ure insufficiently to have any specific effect on these bacteria and, on 
ne contrary, seems to aggravate the symptoms. The degrees of heat 
oveloped produce a suitable cultural temperature in which these 
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bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely important. 

Technic of Diathermy Application in the Pelvis. — The pelvic 
application of diathermy is carried out in one of several ways: (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch as the temperature Is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomino- 
vaginal application is more practical. ( 2 ) Several special electrodes 
have been devised for application to the cervix and the vaginal vault, 



this being the nearest approach to the prolapsed diseased adnexa m 
the culdesac (3) Another method is the abdominorectal application, 
giving less favorable results. The accompanying illustrations (Figs* 
2 to 8) show better than description the methods of applying the el^- 
trodes In the treatment of gonorrheal urethritis the Corbus electrode 
(Fig 9) IS applied through the urethra with a pad on the abdomen, 
or beneath the sac'-am 



In the abdominovaginal or abdommo-urethral application a ther- 
mometer is contained in the active electrode, as a guide to the tem- 
perature rise. Accurate approximation of the electrodes, both on the 
surface and in the cavity treated, is important. The large pad elec- 
trode, usually consisting of block tin, is covered with green soap for 
accurate contact and held firmly on the abdomen by belt or sand bag 
— not necessary for sacral application, as then the patient lies on the 
electrode, assuring even contact with the skin. Any irregularities on 


1 j — Roblee electrode No 2 %'ilh four overlapping blades This electrode u 
placed ui vagina as a hollow cylinder and then dilated to bring two blades’ forceful 
contact against the cernr and the other two against vaginal walls, the longest posterior 
Wade pressing well back Into culdesac When used with the lumbosacral or belt elec- 
node, temperatures of 109 to no* F (4278 to 4333* C) were recorded for urethra 
fid tectum and 103 to 104° F (3044 to 40* C) for the cervir 
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bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely important. 

TECHNre OF DrATirERMY Appmcation in the Peevis. — ^T he pelvic 
application of diathermy is carried out in one of several ways; (i) 
Two large equal electrodes are placed one on the ahdomcn and one on 
the sacrum, with a consequent temperature increase midsvay between 
the electrodes. Inasmuch as the temperature is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomtno- 
va^na! application is more practical. (2) Several special electrodes 
have been devised for application to the cervix and the vaginal vault, 



this being the nearest approach to the prolapsed diseased adnexa in 
the culdesac ( 3 ) Another method is the abdominorectal applicaUon, 
giving less favorable results. The accompanying illustrations (Figs. 
2 to 8) show better than description the methods of applying the elec- 
trodes In the treatment of gonorrheal urethritis the Corbus rfectrode 
(Fig g) IS applied through the urethra with a pad on the abdomen, 
or beneath the sacrum 
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the temperature rises above this, the current is reduced to maintain 
the desired degree of heat. The treatment is continued for from 15 to 
30 minutes and repeated at three to five day intervals, until improve- 
ment becomes stationary. Endocer\’icUis, usually coexistent rvith the 
adnexal disease, receives treatment while the pelvis is diathermized. 
After the intrapehnc disease has cleared up, any lingering chronic 
infection requires electrocoagulation, to be described in a subsequent 
paragraph. 

Diathermy for acute gonorrheal urethritis is not firmly established 
but should be mentioned because of beneficial results in certain cases. 
Treatment is by the use of the Corbus thermophore (Fig, 9), a small, 
round instrument with a tapering, metal tip an inch and a half to two 
inches in length, carrying a thermometer in its center. Application is 
directly rvithin the urethra, \vith a large inactive pad beneath the but- 
tocks. The urethral orifice is cleans^ with boric solution, and the 
sterilized thermophore inserted and held in place by a suitable clamp 
fastened to the table. Treatment is continued for from 15 to 30 min- 
utes at a temperature of 41® C. (800 to 1,000 ma of current) and re- 
peated in from three to five days until urethral discharge has sub- 
sided. The current is increased slowly, taking about eight minutes to 
reach the desired milliamperage and temperature. 

^ The destruction of infection in Skene’s glands requires a true sur- 
gical procedure but is discussed here because of its close association 
vdth gonorrheal infections of the other pelvic organs. The periurethral 
tissues are cleansed with a mild antiseptic, and 2 per cent novocaine 
injected at four points about the urethra. A needle-like electrode, car- 
rying either a fairly strong unitermlnaJ current of rather high amper- 
age or a moderately strong biterminal current, is inserted the full 
length of the gland until a whitish, coagulated area appears about the 
needle. This insures complete destruction of the infection and the epi- 
thelial lining of the gland. Argyrol, 10 per cent, is applied to the 
urethra about twice a week until healing occurs in two to three weeks. 

The literature contains many reports of the use of diathermy in 
the treatment of dysmenorrhea, with highly satisfactory results, the 
increased blood flow accounting for the improvement. It is also stated 
that amenorrhea, when due to hypoplasia of the endometrium, is 
greatly benefited by the dilatation of blood vessels (Theilhaber). 
tiUthmann, I. de Ruben and others vouch for the symptomatic im- 
provement in vesical aQections, particularly cystitis. Here the muscu- 
spasm is relieved and painful urination or incontinence eliminated. 
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the surface cause uneven concentration of the current with uncom- 
fortable sparking or, in some, a bum. The electrodes are now con- 
nected Id the machine and the current turned on, beginning around 
200 to 250 ma. and slowly increasing until vaginal temperature reaches 
42 or 43® C. This usually requires 1,000 to 1,500 ma. of current. If 
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Fio S— Zfner cemcovai^jwir decltode. No i, with (out blades clostoK about ceA'i% 
conecnirairoft heat m cervicaJ canal and Immediate parame^nutn Without matenai iQ®s 
in rectum and urethra, giving tempemures ol lOv to no* F ( 4 ^ tS to 433 i 
ceriic and urethra and loS to sot»* F (43 a* lo 4a 78* C ) in eeclutn. 



Fit. n— Cotbua thermophore cormsC&ts of thin nickel silver 5 tieU> A* eJose^ at cfie 
end meaiunnii s mm in diameter A hud-iubter shield, B, measures 15 cm by 1 cm 
and aUa«.' uteri'iati ot 4 rm (or insertion Jft the cervix or urethra C, mstt’drea Wr- 
mmal provided tor attachmenr of cahte supplying current D, thcaaoneter biserted to 
(uil depth 01 she!) aiwi readings taken froni exposed portion It has k*en lound that 
great acryracj i« necc'sarv in Constructing the instrumeni to insure Its proper 
jorro.»ntf ^n> dialJjermj’ tnacht^ Ctpahte of 5apprytnff Soo lo 

produce heat enough to appt^ the thermophore (Courtesy o{ CTorbus and O’Conor, and 
Btueg Publwhinr Co l 


Electrocoagulation ^volume n] 13 

The first electrosurgical current was uniterminal— only one wire 
and one electrode connecting the patient with the generator. This 
“iulguration” current is of high voltage (potential) from a long spark 
gap and correspondingly low amperage (volume of current). The ef- 
fective heat penetration of such current is limited, and soon its ineffi- 
ciency for the destruction of any large amount of diseased tissue was 
realized During years of development the voltage has been reduced 
by shortening the spark gap and altering the transformer, there being, 
pari passu, a perceptible increase in amperage. Higher frequencies 
were obtained wth the shorter spark gap and still higher frequencies 
with the introduction of a multiple gap (Clark). The present-day cur- 
rents are much more pow’erful than the earlier ones, destroying readily 
to a depth of 2 or 3 mm. in a short time, longer contact coagulat- 
ing tissue to 1.5 cm. from the point of application when necessary. 
Along with this development of such powerful currents came the ad- 
vent of electrosurgical cutting, first popularized by George A. Wyeth, 
so useful in sealing capillaries and lymph vessels as the incision is 
made. 

Electrodesiccation 

Electrodesiccation, as its name implies, is the dehydration of tissues 
by the heat developed within them during the passage of a high-fre- 
quency current. William L. Clark of Philadelphia, first to employ this 
term, uses it to designate that form of tissue-destruction caused by the 
passage of a uniterminal current of high amperage and low voltage 
(short spark gap). The cells are devoid of water (dehydrated) and 
appear elongated and shriveled under the microscope, the cell outline, 
however, being still visible. These changes are most marked in the 
heat-sensitive tumor cells. 

The author studied the histologic changes effected by electrosurgical 
currents, in an effort to confirm Clark’s ivork, and found that by 
varying the strength (amperage and voltage) and time of application, 
electrodesiccation could be obtained with either a uniterminal or bi- 
terminal current, much less time being required, however, for desicca- 
tion with the stronger biterminal current. In the literature, however, 
the term desiccation usually means the dehydration of tissues with a 
uniterminal current; that is, a current delh’ered to the patient through 
one electrode and one ivire from the generator, the patient dissipating 
he current through the air back to its source. 

Electkocoagulation 

j ^^^‘■^’’hcoagulation was first employed by E. Doyen of Paris about 
907, who enlarged upon the Iulguration of Reviere, Pozzi and de 
an I 1 ?^ "prt by changing the electrical connections to the patient 
Pen f hsing more powerful transformers. Two wires connect the 
erator to the patient, one to a large pad beneath the back or but- 
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SECTION II 

ELECTROSURGERY 

The use of high-frequency, oscillating el«:tric currents as physical 
agents in performing any surgical operation is called “electrosurgery’ 
in contradistinction to the usual surgery Tvith the cold, sharp scalpel. 
Under “diathermy” a careful differentiation between it and electro- 
surgery is made. There are three electrosurgical currents, designated 
by their effects, desiccation (dehydration), coagulation and cutting. 
Electrosurgical currents are alternating In character, i e., their direc- 
tion of flow changes many times per second, and because these alter- 
nations are so numerous, usually 750,000 to 1,000,000 and at times 
3,000,000 per second, the term high frequency is used to distinguish 
the current from the low frequency commercial currents of ordinarily 
60 cycles, or 120 oscillations per second. The higher the oscillations, 
the smoother the current, with less muscular response and more effec- 
tive application. These currents are of varying voltage and amperage, 
depending upon the needs. 
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homogeneous mass. The tumor cells, being more sensitive to heat, are 
affected first, forming large masses of granular debris within a hyalin- 
ized stroma; the stroma is more resistant to heat and slowly destroyed. 
In the usual specimens the connective-tissue stroma is seen as a fused 
translucent eosin-staining matrix of hyalinized material with partially 
destroyed nuclei scattered here and there. The blood vessels contain 
clots adhering to the heat-damaged wall. Coagulation may be obtained 
by a heavy uniterminal current of high amperage and applied for a 
considerable length of time, as compared to that necessary for desicca- 
tion. Usually, however, electrocoagulation is accomplished with a bi- 
terminal current generating high destructive temperatures, the tissues 
actually boiling in their own juices. This type of destruction is used 
for large tumors, whereas desiccation is sufficient for small, benign 
and malignant ones. 


Electrosurgical Cutting 

Electrosurgical cutting currents were first experimented with by Lee 
de Forest in 1908 and later by others, but without practical applica- 
tion until the thoroughgoing studies of George A Wyeth, who has so 
aptly popularized this important surgical adjuvant. Tissues are easily 
and quickly severed by currents of higher frequency than that re- 
quired for desiccation or coagulation, for example, 1,500,000 to 
2,000,000 oscillations or more per second. For the smoothest cutting 
the oscillations should be as nearly equal as possible, notably, those 
from radio tubes which are undamped, that is, of equally sustained 
oscillations, without rest periods between them. Currents from a 
spark-gap generator are damped; that is, the oscillations are in 
chains, each oscillation in the chain being consecutively shorter 
than the previous one until the zero line is reached with a rest period 
following, allowing the current to pile up on each side of the gap 
until sufficiently powerful to jump it, when oscillations again occur 
with similarly decreasing height. (Desiccation and coagulation cur- 
rents are usually of the damped variety.) Primary union following 
electrosurgical cutting demands less penetration than for coagulation 
or desiccation and is obtained by lower voltage and higher frequency. 
With a carefully balanced cutting current, incisions are made wth as 
little as one-tenth of a millimeter destruction of tissue at the skin edge 
(Ward, using Wyeth's endotherm, where radio tubes are source of 
current). By increasing the strength of the current, any desired 
amount of penetration from this superficial effect up to that necessary 
to stop bleeding from small vessels is obtainable, and with spark-gap 
generators on to flashing currents causing destruction to one or two 
millimeters on each side of the incision With such a current, of course, 
primary union is usually impossible, these currents being for the re- 
moval of massive, ulcerating malignancj', where wound closure is im- 
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iocks and the other to the active, surgical electrode, whldi in his prac- 
tice was a small disk. At present, most surgeons employ either a 
needle, a flat blade with or without a sharp cutting edge, a blunt rod, 
a snrall ball, a wire loop or other form oi small instrument, increas- 
ing the current density at the point of contact (Figs. lo, ii). Electro- 
coagulation, as its name implies, results from the actual heat coagula- 
tion of the tissue-protein, which appears under the microscope as a 



Fio le— •Assortment ot aethe eVct^odcs- cumd, flat, diminutive knde bUdea, con- 
vemenl in resecting tumois difficuU oJ approach; vaeyinff sires of electeosurpra! loop* 
(or scalloping out othersvise Inaccnsible tumots; coagulating ball etectroaes; adjusiawe 
handle 




Vulva and Vagina 17 

Robbins and Leabury describe the way to treat chancroids: a 25 
per cent solution of copper sulphate in distilled water is applied for a 
few minutes, after which the lesion is desiccated well beyond the dis- 
eased margin. A light antiseptic dressing is placed over the sore and 
in a few days the foul sloughing ulcer exhibits a healthy granulating 
surface. 

Pruritus viilvae, a most distressing and resistant disease, calls for a 
thorough search of the general physical condition and study of the 
blood chemistry to exclude constitutional causes. If none is found, 
electrosurgery comes to the relief of the suffering patient. The current 
strength and the method of application depend entirely upon the 
extent and depth of the disease. Superficial and less e.xtensive involve- 
ment calls for the active, point electrode carrying a uniterminal cur- 
rent to be played over the surface until white desiccation appears. 
Moderately deep-seated diseases require that the needle touch or 
slightly penetrate the skin. The duration of application may be short- 
ened when desired by using a flat, disk-like active electrode, treating 
larger areas at a time. This instrument is placed in direct contact with 
the skin until blanching occurs and then moved to an adjacent area. 
The after-care is a daily application of an antiseptic salve, such as i 
per cent yellow oxide of mercury or mercurochrome, until the desic- 
cated tissue comes away to be replaced by normal epithelium. 

In the more extensive cases, where the entire vulva and adjacent 
portions of the thigh or the perianal region are involved, more radical 
procedures are necessary. The cutting current is efficacious in excising 
the disease, with a wide margin in normal tissue, the edges being 
brought together with suture for primary union, when a fine current is 
used. Stronger currents, advisable when ulceration is present sugges- 
tive of malignancy, prevent primary union, the wounds healing by 
granulation. The skin and subcutaneous fat are so redundant that 
contracture of large wounds is not disfiguring, the edges being gradu- 
ally pulled toward each other, limiting the amount of cicatrix which 
IS always soft following electrosurgery. Occasionally after extensive 
opwations, skin graft is necessary. 

Cyi/s of Bartholin’s glands call for removal of the entire wall, which 
pnor to the advent of electrosurgery meant resection, usually under a 
general anesthetic, and considerable hospitalization. Several years ago, 

. ® while treating a case of ranula, hit upon the idea of destroy- 

tn f n lining with a uniterminal current, allowing the walls 

, , * together and heal by granulation. Such a splendid result was 
that cysts and epithelial-lined cavities in other parts of the 
lin successfully attacked in the same way. Small Bartho- 

one^ oysts are treated under local anesthetic in the office; larger 
require general anesthetic and short hospitalization, 
a str the cyst be small or large, the technic is the same (Fig. 12), 
•phe opening the cyst and evacuating the contents, 

pithelial lining is then thoroughly destroyed by a strong desic- 
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possible anyway. The sterile, dry coagulum, i to 2 mm. thick, pre- 
vents reimplantation or dissemination of cells. 

In electrosurgical cutting a tiny arc should be maintained between 
the electrode and the tissues; pressure obliterating this arc dissemi- 
nates the current so rapidly that cutting is slow and with much de- 
struction. A new sense has to be learned by the surgeon — that of very 
delicate application of his electrode and rapid drawing of it over or 
through the tissues. 

Application of EiECTRostmoERY 

Vulva and Vagina . — Smalt benign tumors are promptly destroyed 
by a desiccating current under local anesthesia. The method of anes- 
thesia is optional, and the needle electrode, carrying a current of 
proper strength for the size of the tumor, is first played around the 
edges to cut off any dissemination of cells, should there be suspicion 
of early malignant change. The rest of the tumor is then dehydrated, 
curetted away with a small suitable curet and the base redesiccated 
to sufficient depth, destroying all cells which may be growing out into 
normal tissue. 

A method of indirect application is sometimes employed where the 
patient grasps a large, tubular electrode or lies on an “inactive” pad. 
The operator then touches the diseased area with a needle, the cur* 
rent passing through it and the operator, who acts as a condenser. 
Heat is developed within the lesion, where the current is concentrated 
as in the direct method, with the same destructive effect. The de- 
hydrated tissue is then curetted away as before and the current re- 
applied if indicated. 

An antiseptic solution applied wlh a small cotton applicator insures 
against subsequent infection of this now sterile scab. I prefer Scott's 
mercurochrome,* Bohiman's gentian t or 7 per cent iodine. 

For small lesions no dressing is necessary. Larger or multiple ones 
require the usual surgical-wound care during the healing period, which 
lasts from ten days to three weeks, depending upon the extent. 

Sinclair Tousey describes painless removal of small skin tumors 
without anesthesia. Pedunculated ones are clamped at the base ana 
the active electrode applied to the distal portion, the current (uni- 
terminal or bilerminal) only traversing the insensitive growth. If the 
growth is flat, a curved pair of forceps (Tousey-Baffle) is so placed 
that the tumor rests between its jaws, the active electrode then being 
applied to the center. With a bitermmal current, the forceps completes 
the circuit through the operator, who is, in turn, connected to the 
machine; if the current is unlterminal the forceps is grounded through 
the operator. 

• ScqU’s mercurothrome racrcurochTDine, a Cm.; dUlUted water, 35 cc , alcohol, 
55 cc ; acetone, jo cc 

t BoMman’s gentian gentian viokt, a Gm ; rUslillcd water, 35 cc.‘, OS^ alcohol, 
55 cc , acetone, lo cc 
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dated with rapid healing where tissues are loose and freely movable. 
A thorough application of radium should be given first, then under 
general anesthesia the involved area removed with a wdde margin of 
safety, using the strongest cutting current, and the base of the wound 
resterilized by coagulating to a depth of two or three millimeters, 
eradicating all outgrowing cells and those spilled during the operation. 
The coagulum is now painted with an antiseptic solution, such as 
previously mentioned, and the wound kept well protected with the 
proper dressings. The sterile coagulum comes away in from one to two 
weeks, allowing the development of rapidly groiying granulations for 
epithelialization. By combining these two therapeutic agents, complete 
eradication of the disease is more certain, and, in addition, electro- 
surgical removal counteracts the sclerosing action of the radium on the 
vessels, permitting more rapid healing or earlier plastic repair and 
softer scars. 

Urethra. — Electrosurgery furnishes a quick, sure method of re- 
moval of the most painful urethral condition — caruncle. Except in 
highly nervous patients the operation is performed under local anes- 
thesia in the office. A one or two per cent procaine solution injected 
on all sides blocks the urethra. The smaller caruncles are simply desic- 
cated down to the urethral wall and allowed to slough away; larger 
ones are grasped with forceps and carefully resected rs-ith a fine cut- 
ting current. Frequently, redundant urethral mucosa, likewise eradi- 
cated by electrosurgery, is mistaken for caruncle. The redundant 
mucosa is dissected away under local anesthesia, or desiccated back to 
normal tissue. Corbus and O'Conor describe a method of utilizing a 
narrow,^ flat electrode, placed consecutively in four radial positions, 
destroying a small area of mucous membrane in each of the four 
quadrants of the urethral orifice. As healing and shrinking take place 
the redundant mucosa is drawn into normal position. 

Urethral polyps, usually small, are readily removed under local 
anpthesia with a desiccating current, thoroughly dehydrating the 
polyp which sloughs away in a few days. Should the polyp be large or 
malignant, its base can be cut through with a cutting current, remov- 
the tumor cn masse, and then the base coagulated. 

Following all of these urethral operations, healing takes place in 
trom ten days to two W’eeks, the patient experiencing very little pain 
wcept in the exceptional case. Local application of procaine or cocaine 
ointment w’ill relieve all pain. Usually, however, postoperative treat- 
^ont IS limited to ordinary cleansing measures. 

Cervix . — Chrome cndocervicitis is the most common disease which 
onfronls the gynecologist. It is now recognized that the usual medical 
^ chemical antiseptics, tampons, etc., is only palliative, e.x- 
^pt where the infection is superficial and has not penetrated to the 
^0 of the glands. To cure the infection which over a long period of 
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eating or coagulating current, as the occasion demands, usually ap- 
plied on a blunt or ball electrode, complete and accurate penetration 
into every nook and crevice of the collapsed wall being imperative. 
The cavity is then painted with Bohlman's gentian, packed wth iodo- 
form gauze and dry dressings applied. Daily application of the gentian 
and iodoform gauze is continued until the slough separates, the gentian 
then being discontinued, allowing healthy granulations to fill in and 
close the defect. 



Fic 12 — Electrosurgical incision of Bartholin^ gland cyst Insert — Coagulation of 
epithelial lining 

In treating accessible malignancy such excellent results are obtained 
by radium therapy that it must always be considered. Many malignant 
tumors of the vulva and vagina are completely eradicated in the 
earlier stages by the thorough application of radium. (See Sect. HI.) 
It is especially desirable in the treatment of vaginal malignancy, where 
exceptional improvement occurs, surgical resection even with high-fre- 
quency currents being technically difficult and fraught with marked 
distortion. Electrosurgical resection of tumors of the vulva is asso- 
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heals in another two or three weeks, during which time inspection 
should be made once or twice and also within the next month or two 
to watch for any possible constriction of the canal. Should any adhe- 
sions begin to develop, they are readily broken up by the insertion of 
a small instrument or a cotton applicator. 

Mortimer N. Hyams describes a clever method of “conization of 
the cervix” for destruction and removal of infected cervical tissue. 
After inserting the customary vaginal speculum with the patient in the 
dorsal position, and cleaning out any residual leukorrhea, the cervical 
canal is anesthetized by placing a small crystal of cocaine in it. An 
applicator saturated with 85 per cent cocaine solution is introduced 
and allowed to remain for five minutes, and an inactive, wet metal 
electrode strapped on the abdomen, the patient being directed to make 


a. ”1 



Fig 13 — Hyam’s electrode for conization of cervix 
(a). Snivel handle, allowin;: rotation of electrode without interference from attached 
wire 

[j Porcelain tips with vanous sizes of wire arcs 

\ )• Loop for temoMng bits of infected tissue high up in canal 

firm compression on the pad with hands, assuring accurate contact 
and distracting her attention from the operator. The active electrode 
13) is a fine tungsten wire stretched over a silicon tube one 
and one-half inches long and properly attached at each end for the 
conduction of the current. The silicon tube and tungsten wire are held 
in a long suitable handle having a sxvivel joint for attachment of the 
cord from the generator. The tungsten wire describes an arc of about 
nne-eighth inch at its widest portion, conforming to the normal con- 
our of the cervical canal, which is fusiform, or spindle shaped. Sev- 
ern sizes of electrodes are available with varying widths of the arc, as 
e as others for biopsy and destruction in difficult angles of the 
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time has burrowed deeply into the racemose glands,, forming large 
cysts full of pus, and has extended high up to the internal os, no 
method of treatment short of some form of surgery is sufficient to 
eradicate thoroughly the disease in its deepest hiding places. Various 
scalpel operations have been devised which leave the cervix free ol 
disease, bat subsequent /abars arc complicated by the reduced cervix 
follomng amputation, allowing miscarriages, or by the dense scar tissue 
following other procedures, making labor prolonged and difficult. Thor- 
ough destruction of the infected tissue, with either the actual cautery 
or electrosurgical current, clears the condition and leaves a soft, pli- 
able, normal-appearing cervix. Occasionally a thin diaphragm ob- 
structs the canal, requiring a dilatation in the office on one or two 
subsequent occasions. 

Less extensive involvement can be taken care of satisfactorily in the 
office, particularly if the patients are cooperative and wll stand the 
moderate discomfort. The inactive pad is strapped to the thigh or 
placed beneath the buttocks, and the vagina and cervix are painted 
with a local anesthetic, preferably 20 per cent procaine, as it is safe 
from sequelae; wth a nervous patient, a short nitrous oxide anesthesia 
is given. In all cautery or electrosurgical operations on the cervix,^ it 
is well to protect the mucosa and vulva with gauze saturated wi^ 
boric add or normal salt solution, thus preventing the steam or acid 
smoke, in the case of cautery, from irritating the tissues. A long, thin, 
preferably needle-like or slightly flattened, electrode is inserted into 
the canal up to the internal os, and the biterminal coagulation current 
turned on, destroying the tissues for two or three millimeters on all 
sides; deeper destruction is obtained by longer exposures. Radial 
applications are made and nabothian cysts punctured, evacuated and 
sterilized. 

In dealing >vith extensive infection the technic is similar, only 
carried deeper into the tissues, requiring anesthesia and hospitaliza- 
tion. The coagulated tissue comes away gradually, and usually the 
cervix is quite clean and granulating at the end of two weeks. It goes 
without saying that this coagulum, although sterilized by the current, 
will in a short time contain large numbers of bacteria. It is important 
to keep down this secondary overgrowth and thus control the amount 
and odor of the leukorrhea by topical application of an antiseptic 
solution, such as Scott’s mercurochrome or Bohlman’s gentian, two or 
three times a week, together ivith alkaline or saline douches on alter- 
nate days. 

Electrocoagulation is more rapid and deeper than cauterization wi^ 
the actual hot cautery, necessitating care against too much slough, 
a possible source of secondary hemorrhage. When I first began tins 
work I witnessed two or three such hemorrhages due apparently to 
deep sloughing, but by carefully controlling the current this compli- 
cation has been overcome. 

After the sloughing is complete, in one to two weeks, the cervix 



Cervix 


CbapteT 221 no 
Volume nJ 


short-circuiting through the vaginal mucosa or voilva. The snare is 
snugly placed about the pedicle and gradually tightened through it as 
a strong cutting current is applied to the handle, sealing blood vessels 
and lymphatics as the polyp drops off. The base may then be more 
deeply coagulated if necessary by reapplying the current through a 
long straight or curved electrode. 

Robert Fowler has described a unique method of an indirect snare 
with the patient on an autocondensation pad attached to the uni- 
terminal Oudin circuit of the electrosurgical generator; a snare is 
placed about the pedicle in the usual manner, the current passing 
through the operator, who acts as a condenser. 

Submucous myomas which have descended through the cervical 
canal are readily attacked with an electrosurgical snare as just de- 
scribed. Should the pedicle be long, a strong cutting current is required 
on a cutting edge or narrow flat electrode to dissect into the uterine 
cavity, removing any lingering pieces. Not infrequently, submucous 
myomas do not present at the external os, being found on routine 
examination of the uterine cavity. Kelly has had several experiences of 
splitting the anterior lip of the cervix with a cutting current and resect- 
ing these otherwise unapproachable tumors. Electrosurgery greatly re- 
duces the amount of hemorrhage when these tumors because of their 
size require piecemeal removal. 

The differential diagnosis of cervical ulcers, a constant and im- 
portant problem, is greatly simplified by biopsy, now available as an 
office procedure, placing at the disposal of every gynecologist the 
early diagnosis of cancer. It is a simple routine to take out a piece of 
suspicious tissue for microscopic examination, with a wire loop in a 
suitable handle as an active electrode carrying a strong cutting current. 
The edges of the specimen will be coagulated to a limited degree, the 
center furnishing enough unaltered tissue for adequate study. Any 
large vessel which may bleed is easily controlled by the application of 
the coagulating current on a blunt electrode. 

Electrosurgical treatment of carcinoma of the cervix is only an 
adjuvant to irradiation and should never be relied upon as the only 
method of destruction of malignancy in this area. Radium is now well 
recognized as the method par excellence for the treatment of malig- 
nancy of the cervix. (See Section III.) However, electrosurgery acts 
as an aid in the removal of excessive growth, permitting the radium 
application to outlying posts of the grow-th’s advancement. In spite of 
recent extensive public education regarding cancer, we are constantly 
confronted with patients in advanced stages of the disease with com- 
plete destruction of the cervix, or with a great cauliflow’er mass filling 
ne vagina. Here the cauliflower growth is removed with an electro- 
surgical loop or snare, or the cervix amputated flush \vith the vaginal 
'ault. This is by no means a routine measure, as the smaller lesions 
3re readily treated by irradiation alone. 
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canal. A proper cutting current with sufficient coagulation to control 
bleeding is necessary. 

The active electrode is inserted into the canal and the current turned 
on. As the wire cuts through the tissue the electrode is rotated 
throughout an axis of 360 degrees, cutting out a cone of cervical 
mucosa and opening all infected glands for drainage. If necessary 
the instrument may be reintroduced, removing all diseased tissue. 
Any bleeding from large vessels is easily controlled by applying the 
coagulation current on a blunt electrode. Infected nabothian cysts 
present beyond the area removed are punctured with a needle carry- 
ing a coagulating current. This wells out the contents, sterilizing the 
cavity and eradicating the infection. 

A gray slough will be found filling the cervical canal about the end 
of the fourth day, and on the seventh day the canal is much smaller 
and granulating nicely. Between the second and third weeks the cervix 
is almost normal with several small, unhealed areas here and there. 
At the end of the fourth week healing is usually complete. Hyams 
advised against vaginal douches as unnecessary because of the small 
amount of sloughing and consequent leukorrbeal discharge. He claims 
that conization is especially convenient for the treatment of ambula- 
tory patients, relieving symptoms by the removal of the infected 
mucous membrane and opening of the glands, thereby facilitating 
drainage and reducing congestion deeper in the cervix. Since no 
muscular tissue is removed, the cervix remains functionally norra^ 
and subsequent parturition is unhampered. Diseased tissue is removed 
to any desired depth by repeating the procedure as often as advisable. 

Electrosurgery is the method par excellence for removing papillomas 
of the cervix and pedunculated fibroids presenting at the os.^ Usually 
papillomas are sufficiently large to require a general anesthetic; occa- 
sionally small ones can be removed in the office either by electro- 
desiccation or electrocoagulation, or by cutting the pedicle with an 
electrosurgical current. For the larger ones the usual preparations are 
required as for any other vaginal or cervical operations. After adequate 
exposure, traction is made on the polyp and the pedicle then severed 
with a strong cutting current and its base coagulated, destroying any 
possible lingering cells, assuring against recurrence. Should the pedicle 
originate high in the canal or uterine cavity, the cervix is split ante- 
riorly (Kelly), using a fine cutting current, a strong one preventing 
primary union after closing the incision. With the canal laid widely 
open, the pedicle is outlined and cut across with a stronger current. 

Another unique method of attacking cervical polyps is with an 
electrosurgical snare, first described by William L. Clark for the 
removal of bladder tumors through a suprapubic incision. Since then 
it has been employed for pedunculated tumors in almost every accessi- 
ble part of the body. An ordinary tonsil snare is satisfactory, although 
special instruments have been devised embracing the same general 
principles. The shank is insulated with rubber tubing, preventing 
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sarcoma of the uterus, located in the left broad ligament, displacing 
the uterus to the right and elongating the uterine cavity to twenty 
centimeters and bulging into the va^na, causing profuse and alarming 
hemorrhage. Thinking the tumor a myoma, preparations were made 
for vaginal removal. Incision in the vaginal vault exposed a highly 
vascular, soft, pliable and encapsulated sarcoma, from which hemor- 
rhage was so brisk that operation had to be abandoned with the 
patient in a collapsed stage, but not before the mass had been exca- 
vated by a combination of electric scalloping and morecellement. This 
then permitted application of radium up into the tumor, otherwise 
.impossible. 
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Intramural and subserous fibroids are also removed with a strong 
electrosurgical cutting current through an abdominal incision, bleed- 
ing being distinctly lessened, reducing the shock. In this manner 
operations for the removal of large myomas, otherwise impossible, save 
the uterus for normal function and often for subsequent pregnancy. 

Extensive transabdominal pelvic operations have been performed 
with the electrosurgical cutting current with the advantage of sealing 
over capillaries and lymphatics. Seven or eight years ago, when 
Howard A. Kelly first took up electrosurgery, it was my privilege to 
be his assistant at most operations. At that time he used a cutting 
current for practically every form of pelvic operation, hysterectomies, 
panhysterectomies, myomectomies, salpingectomies and oophorectom- 
ies, this extensive application being made in an effort to determine the 
value of the cutting current as an operating instrument in addition to 
its prior claim in the treatment of malignancy. It is fair to say that 
this is a safe and efficient method for these operations, but its advan- 
tages are limited. The small vessels in the broad ligament and ovarian 
regions can be clamped and coagulated with safety, but the larger 
ones, particularly the uterine and ovarian, must be ligated as usual. 
It is a safe rule always to ligate any large vessel in the pelvis or 
abdomen when possible rather than rely upon coagulation alone. The 
cutting current in itself is particularly advantageous in dissecting 
densely adherent areas. How frequently tubes, ovaries, myomas, etc., 
found attached to loops of bowel or other organs in the pelvis offer 
tedious and bloody problems for scalpel surgery, with severe shock 
to the patient. In such, a carefully regulated cutting current readily 
severs the adherent organs with so little bleeding that at times there 
results a practically dry incision. Loops of bowel are thus quickly 
and easily dissected with less danger from the reformation of adhesions 
because of the protective coagulum remaining a few days before 
absorption. 

Densely adherent ovarian cysts, benign or malignant and considered 
inoperable with the scalpel, are extricated by the current with great 
facility, in most cases the entire cyst wall being dissected away. Where 
this is impossible, the actively growing c^t wall is sliced off by the 
current, leaving the harmless outer portion attached to the intestine 
or abdominal wall to be absorbed later. Occasionally, with malignant 
cysts, where even this procedure is impossible on account of extensive 
erosions of the adherent viscera, the lingering portions are exploded 
out of existence by a strong coagulating current, leaving a perfectly 
sterile dry field. 

Robert Fowler reports successful electrosurgical vaginal hyster- 
ectomies and a cesarean section, mentioning the only serious complica- 
tion followng electrosurgical abdominal hysterectomies of which I am 
aware, although I have never seen it. His patient died of embolus, 
attributed to some electrical injury to a large pelvic vessel. He also 
describes a new way of approaching a huge, otherwise inoperable 
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mind at all times, particularly when a malignant cervix treated' and 
healed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I cite a case: A white woman, Mrs. 
N. B, M., age forty-eight, had an abdominal panhysterectomy in June, 
jg29, followed by a prophylactic radium treatment. The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault. Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in March, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder Is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
growth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
which acts as a filter when present. 

Deep x-ray or heavy radium-pack treatments used for transpelvic 
irradiation are associated with a mild skin erythema beginning about 
a week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades in the 
course of two or three weeks, and the skin takes on a bronzed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
without discomfort. 

There are two biologic changes following intra-uterine irradiation: 
U) endometrial and (2) ovarian. Cloudy swelling and erythema, 
infiltration of leukocytes and phagocytes, fibroblastic organization, 
obliterating endarteritis and scarring — all occur in the endometrium 
and underlying muscles of the uterus. The obliterating endarteritis 
founts for the reduction in bleeding and partly for the amenorrhea, 
here may be some specific effect upon the uterine musculature, large 
^oadily disappearing and the uterus returning to normal. 

. ovary presents a variety of structures, all of which are sensitive 
a* degrees to irradiation with x-ray or radium. The ova 

no epithelial follicles are more sensitive than the stroma. The sensi- 
*'ity of the follicles themselves depends upon their stage of develop- 
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SECTION III 

IRRADIATION THERAPY 


Physics 

As a detailed discussion of the physics of irradiation therapy is 
given elsewhere (see Desjardins and Burnam, Vol. HI), attention 
here is focused upon the application of these therapeutic agents in 
gynecology. 

Biophysics 

Reference should be made to these chapters (see Desjardins and 
Burnam, Vol. Ill) for study of the biophysical reactions of irradia- 
tion therapy, although it is important to rehearse some of the changes 
noted in treating gynecologic diseases. ^ ^ ^ t. • i 

As the gamma rays of radium or x-ray enter living tissues, chemical 
processes are started which do not appear immediately but are evi- 
denced later by marked local changes in the diseased areas. The n«t 
noticeable alteration is an erythema resulting from dilatation o* ^ ® 
blood vessels. In ulcerative growths, say of the cervix, this erythema 
may appear in two or three days and remain a varying length of time 
until the cervix is healed or until there is sufficient accumulation o 
fibrinous exudate on the surface to cover the underlying redness. 
Microscopically a cloudy swelling of the cells is seen within y* 
four to forty-eight hours, the cytoplasm being distended and paie, 
the nuclei swollen and pyknotic, and in three^ or four days the en 
cell is undergoing rapid degeneration. The capillaries and blood 
are enlarged and distended with blood, plasma has filtered ou m 
the surrounding tissues, and leukocytes and phagocytes are abundant 
in the perivascular structures. As the injured cells degenerate, 
phagocytes commence their work of clearing away the debris, in 
second and third weeks, fibroblasts and new blood vessels ^ ’ 
organizing the tissue and producing a fibroblastic structure tha 
comes so very dense as to be characteristic of irradiation cica n • 
This same fibrosis involves the vessel walls, so that those which w 
once dilated and engorged with blood immediately following the re 
ment gradually return at first to normal size, their lumina then co 
tinuing to become slowly and steadily closed by an obliterating 
teritis. This process does not alwa3rs cease with the scarring, but y 
progress, depending upon the amount of treatment, to 
obliteration of most of the vessels, with markedly reduced . 

ment and subsequent breaking-down and ulceration^ at a period 5®^ 
from the time of application. Thb is not common in gynecologic 
ditions unless heavy treatments are given, and then is mo^ comm y 
seen in the thin-walled vagina. This possibility should be born 
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mind at all times, particularly when a malignant cervix treated' and 
healed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I cite a case: A white woman, Mrs. 
N. B. M., age forty-eight, had an abdominal panhysterectomy in June, 
1929, followed by a prophylactic radium treatment. The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault. Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in JIarch, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
powth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
which acts as a filter when present. 

_ Deep x-ray or heavy radium-pack treatments used for transpelvic 
irradiation are associated with a mild skin erythema beginning about 
a week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades in the 
eourse of two or three weeks, and the skin takes on a bronzed appear- 
ance not unVike a sun or ultraviolet tan which remains for many months 
Without discomfort. 

There are two biologic changes following intra-uterine irradiation: 
fii ^^^o*^®trial and (2) ovarian Cloudy swelling and erythema, 
infiltration of leukocytes and phagocytes, fibroblastic organization, 
'i fiterating endarteritis and scarring — all occur in the endometrium 
underlying muscles of the uterus. The obliterating endarteritis 
founts for the reduction in bleeding and partly for the amenorrhea. 

be some specific effect upon the uterine musculature, large 
Ipids readily disappearing and the uterus returning to normal, 
ifie ovary presents a variety of structures, all of which are sensitive 
Proportionate degrees to irradiation with x-ray or radium. The ova 
ji . op'thelial follicles are more sensitive than the stroma. The sensi- 
• > of the follicles themselves depends upon their stage of develop- 
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menf, the mature ones showing most marked changes. The number 
and degree of follicles destroyed vary with the dose, and the steps in 
their reaction to the irradiation arc comparable to spontaneous, physio- 
logic atresia. With the death of the follicles, sterility naturally occurs 
and may or may not be permanent according to the severity of the 
treatment. The interstitial cells are not directly influenced by irradia- 
tion but gradually and slowly disappear, probably due to the destruc- 
tion and eradication of the follicles, preventing the interstitial cells 
from being renewed. 

Radiation Sickncss 

Radiation sickness is a term describing certain symptoms arising 
as a sequel to radium or x-ray treatments. In gynecology this most 
commonly follow's deep-therapy treatments wth x-ray or radium 
packs, to a lesser degree after intra-uterine and cervical irradiation, 
more marked when such treatments are given under general anesthesia, 
which causes part of the symptoms. 

The symptoms vary in intensity, depending upon the amount and 
duration of treatment and sensitivity of the patient, passing off in a 
few hours or lasting a day or more. Usually there is only anorexia 
and nausea, in others nausea and vomiting which, in severe reactions, 
may continue for twenty-four or forty-eight hours and occasionally 
hnger. 

These symptoms are more pronounced when irradiating the abdo- 
men, particularly the stomach and liver, although they have been 
known to occur following intensive irradiation of other parts of the 
body, the generally accepted view of the cause being that certain 
toxic products of cellular destruction are liberated into the blood 
stream and act as poisons. Irradiation of the intestines, containing 
a large amount of semidigested or residual organic matter, naturally 
gives more marked symptoms because of the larger quantity of toxic 
products liberated in the bowel and later absorbed into the blood 
stream. 

Treatment of this uncomfortable complication is at best unsatis- 
factory, as no specific is available. The preparation of the patient be- 
fore irradiation is an important aid in limiting the symptoms. The 
bowels are thoroughly cleared of fecal matter, a source of secondary 
radiations, wth either a laxative the night before, or an enema the 
morning of, the treatment. Fasting for several hours is also of benefit 
in lessening the nausea. Elimination of foods for several hours after- 
ward usually reduces the amount of vomiting, although most patients 
do not want food for some hours or perhaps a day if the symptoms 
are at all marked. A most important factor contributing to irradiation 
sickness is the overcrowding of treatment; long, heavy, deep-therapy 
treatments through the pelvis, whether with radium or x-ray, tend to 
cause more sickness than broken doses allorving the patient to reimt 
from one treatment before another is administered. Drugs giving the 
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most benefit are rather simple remedies: Alkalinization vrith bicar- 
bonate of soda or other medicaments during the day prior to the treat- 
ment may be of benefit; citrous fruit juices and crushed ice some- 
times relieve the nausea. Fifteen or twenty drops of compound tincture 
of cardamom and fifteen or twenty drops of compound tincture of 
hyoscj'amus with twenty grains of bicarbonate of soda, given three 
times a day, often allay the vomiting. Fortunately, irradiation sick- 
ness gradually passes away and rarely causes any serious complica- 
tions, although frequently distressing to the patient. 

Artificial Menopause 

Cessation of the menstrual c>'cle following irradiation of the pelvic 
organs is a common and often desired sequela, permanent or tem- 
porary, according to the strength and type of treatment. It is always 
permanent following irradiation of carcinoma of the cernx and body 
of the uterus. Irradiation for benign bleeding, particularly in young 
people (under thirty-five), can be so carefully regulated that the 
artificial amenorrhea can be made to vaiy from sis months to two 
years. This is not uncommon even with large fibroids, for, as the 
tumors disappear and the uterus returns to normal, the ovaries again 
begin to function and the menstrua] cycle returns. An interesting case 
has been reported by Curtis F. Burnam (personal communication) 
of a woman who married rather late in life, then was irradiated for 
fibroid with cessation of the menstrual periods for about a year. 
Following this, she became pregnant and gave birth to a perfectly 
normal child. 

Transpelvic irradiation with high-powered x-ray or radium packs in 
proper doses causes artificial menopause. Mild irradiation (one-third 
to two-thirds sterilizing dose), particularly in women under twenty- 
nye or thirty, will sometimes control an abnormal menstrual flow 
without complete cessation, the ovarian functions apparently being only 
partially influenced. If the full amount of transpehdc irradiation per- 
niitted by the skin (erj’thema dose) is given, the menstrual cycles 
are almost certain to be completely checked, particularly in women 
O'er forty, variations within certain limits proving the rule. 

Irradiation Technic 

Complete discussion of the technical problems of irradiation treat- 
|*'ent may be found in Volume III (Desjardins and Burnam), but it is 
[nportant to describe briefly the technic as applied to gynecologic 
disease as each is discussed.' 

in j radium treatments by the pack method are administered 

technic employed an open pack of felt, balsa 
ft ^ light substance to maintain the exact distance between 

radium and the skin. On the top of this pack was a small metal 
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box, usually i or 2 mm. of lead, in which the radium or radon tubes, 
as the case might be, were held. The use of platinum-filtered tubes 
necessitates another filter of aluminum foil to filter out the secondary 
platinum rays, and ametal rubber for the secondary aluminum rays, 
the rubber not being so important with large packs of considerable 
thickness of felt or wood through which the rays travel. 

The newer method utilizes a large lead cylinder or bomb carrying 
the radium in such a manner that the rays reach the patient through 
an opening on one side or one end, the scattered rays being absorbed 
by the lead wall of the container. So far as I am able to ascertain, this 



Fig 14.— Diagram of the principle of plain lead filters as compaird wiUi Ward 
cylinder Letterjng in all diagrams is as follows* (r) box containing radium emanation; 
(1) lead filter with portal (0); (p) skin of patient, (s) rays A, lead filler (I) next 
to radium. B, lead filter (1) midway between radium and patient C, lead filter next 
skin. D illustrates rays absorbed by cylinder walls, only those destined to reach lesion 
being unobstructed; (!') represents one inch of lead in cover of radium earner (r) 
affording protection of nurse’s hand dunng insertion or removal from cylinder E, longi- 
tudinal sectional view of cylinder containing radium earner, the latter being equipped 
with handle faalitating manipulation The length of the handle and carrier together 
corresponds to length of cylinder A scale is so arranged on handle that as earner is 
moved in cylinder the number of inches read at distal end indicates distance of filtration. 


type of apparatus was first used by Stenstrom at the State Cancer 
Hospital in Buffalo. He arranged a mechanical device to rotate the 
charge of radium tubes of unequal strength within the cylinder in 
order to make the beam of rays that reached the patient as nearly uni- 
form as possible. The author, independently of Stenstrom’s work, de- 
signed a lead cylinder (Figs. 14 and 16-19) with a two-inch aperture 
and a lead wall of one-inch thickness. This apparatus was put into use 
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apparatus and cylinder "set up” as in treatment of a parotid 
•^alancina up! carryinj; cable (c) which suspends shaft and counter- 

Olinder^ fti ^ safety hand screw; (f, g and i) thumbscrews for adjustinR 

radium Pratenlins; bail (h) from slippinjj; (n) scale on handle (m) of 

fndine in ^ aluminum filter cap, (p) sheet rubber filter; (s and t) braces 

orass plates (u and r) which prex'ent any swa>inK of shaft. 
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at the Howard A. Kelly Hospital in the early part of 1923. This 
cylinder weighs twenty-five pounds and is carried by a car running 
on a crane travelling on an overhead track (Fig. 15). Patients are 
placed on the Burnam treatment table (Fig. 20) \vith lead protection 
beneath, preventing irradiation of any patient or hospital workers in 
the room below. A few years ago the Memorial Hospital in New York 
City made a much larger radium bomb to carry permanently several 
grams of element. Such apparatus assures accurate application without 
injury to the’surrounding parts and without unnecessary general body 
irradiation from the scattered rays which occur with the open package. 



Fic t6— A, “square cylinder.” The advantage here Is that In treating adjacent areas 
square portals leave no portion of tumors unndiated’ (t) holes for thumbscrews 
which hold cylinder in suspension apparatus. B, a cylinder with proximal end cut to fit 
curved surface of skull, used in treating an inoperable brain tumor from Aw angles 
without overlapping. C, aluminum filter cap curved to fit cylinder B. D, set of treat* 
ment rings shown in car to carry them running on Hack of portable suspension table 
shown in Fig. 19; (r) lead rings; (f) flanges to fit tracks; (j) thumbscrew which tightens 
against track and serves as brake on the car; (k) thumbscrew adjusting angle of »r 
and rings with skin. E, 2*inch cylinder with adjusting apparatus as used with portable 
suspension table shown in Fig 19. In figure a longer C5’hnder (b) with a x*inch portal 
projects from a-inch portal of larger and shorter cylinder, and is used in treating glands 
and smaller tumors; (a) wall of a-inch cylinder made of i inch of lead, (c) 

reenforcing lead; (f and g) thumbscrews for adiusting cylinder to any angle with 
the skin; (0) car for portable suspension table seen in Fig. t9; (d and el wing nuts 
for adjusting height of cylinder 


In gynecologic procedures such instruments are especially valuable, 
particularly in treating diseases of the vulva, where the thighs must 
be carefully protected against scattered radiation when the pack is 
placed between them. Cross firing upon a tumor is possible without 
overlapping on the skin, otherwise often a source of severe superficial 
bums. This cross firing through several portals around the pelvis 
multiplies the number of rays actually reaching the disease in direct 
proportion to the number of exposures. 
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Intratumoral application of radon or radium element is of great 
therapeutic value in gynecology. Tumors of the vulva, large massive 
cervical growths and broad-ligament extensions are oftentimes treated 
by the implantation of platinum-filtered radon seeds (see Burnam, 


„ ric 17 — A, radium carrier for two-inch C)linder, B, for one inch cylinder; C, 
square cylinder;” ( 1 ) one inch of lead in cover of carrier (in square earner C it is 
Vi inch in thickness) ; (r) radmm container of hard rubber reenforced with brass 
(no brass on bottom so that filtration is only Ihrouph a thin layer of rubber) , (s) brass 
stubs Vo arrariired that movements of crossbar of handle upward force them acainst 
the inner wall of cylinder, thus fixinc carrier at desired point In C, spring of handle 
force stubs against cylinder wall, (i) scale in inches indicating distance of 
radium from mouth of cylinder; D. aluminum filter cap for two-inch cylinder. This 
s ps easily over proximal end of cylinder and is held in place by brass springs (b) al 


BDfn*? ® C, radium carriers for one-inch and two-inch cylinders respectively, 
l^^**'^* fO for radium tubes; (s, I and r) as in Figure 17; A, carrier lor 


^art rvi j VI/ lor raoium luocsi vs, 1 aim r/ as 111 rinurc 171 rt, earner lor 

tube Th *”°**^' without separate holes for each 

inis u used when radium tubes vary in sue. 
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Fw. 19.— Portable suspension table; (n) two vertical sJoU in end of taWe through 
which paw bolts from adjustable top <b) allowing it to be iised at any /v 

by tigMening thumbscrew (p); (l) track; (b and o> cars. One track is 
end (m) being movable so that by spreading the can may w taken oB or P«c . 
(u) thumbscrew for tightening movable end of track; 0) brake foe car, toj 
SCRW removed. Other lettering as in D and E, Ftg 14. 



Fio. 30 — A, Bumam treatment taWe (a> Track of two-inch »ng 1 e iron; (b) 
crane with arrow indicatmg center, (c) barwUe for mosing car; (d, e i; » 
rope and pulley respectively, used for moving crane, (I and u) lower ana upIK , 
tresses respectively, separated to idiow construction. B, insert showmg ^ J 

car (r) carrjtng om-tneh lead blo^ <b) 18-inch square; (t> tracks on era 
car (b) , (c, e and a) .is in A 
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Vol. Ill) or radium element needles made out of an alloy of platinum 
and iridium. 

Flat vulval or vaginal growths are best treated by plaques fitted to 
the size and shape, wth protection of the surrounding normal struc- 
tures. During application to a malignancy on one labium, the other is 
protected with lead, or the cylinder just mentioned may be pulled 



**• — AmetaJ rubber cervin), uterine and %asmal applicators 
•tube — radium charge placed in hollow cross tube to be laid directly against cer\ix 
B pessary “C " 

P p ^ insertion into uterine or cervical canals. 

f^^~ntade m various sizes to fit around the cervic Radium beneath filters on 
D t broad ligaments, filters hold vaginal walls away. 

umb-bell applicator for holding radium beneath bases of broad ligaments, when 
Pcssanes do not fit cer\iT 

down tightly against the involved one, and the radium placed as close 
Necessary to give the desired dose. 

Dro treatments require a great deal of care on account of the 
of the bladder and rectum and the thinness of the vaginal 
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wall, the entire thickness of which may be burned through without 
difficulty. The maximum dose against a vaginal-wall tumor should be 
about 1,000 mg. hr. per 2 sq. in. when the filter is 2 mm. of brass. 
One millimeter of platinum allow's an increase of 30 per cent, as there 
are fewer soft gamma rays. The gauze plaque (Fig. 22) has varying 
numbers of little pockets in which the tubes are separately secured. 
Such plaques are also used in treating the cervix. Within the last year 



Fio 22 — Cervical gauze plaques 

E Round plaque nith number of pockets \'aricd to suit size of cervix. 

F Vicker’s gauze applicator After filling pockets with radium tubes, purse stnngs are 
pulled tightly, making a circular plaque 
(E and F developed at Howard A Kelly Hospital) 


and a half I have been using radium element in tubes of platinum and 
iridium of 1 mm. wall thickness. This fillers out all the beta and the 
softer gamma rays, but gives rise to harder secondary rays from the 
action of the gamma rays of radium on the platinum. To filter out 
these secondary beta rays* the tube is surrounded by a thin film of 
aluminum foil and *' ' " . t. : and intracervical treatments 

is placed in an - of 2 mm. thickness. Ametal rubber 
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pessaries and dumb-bell applicators (Fig 21) hold a tube on each 
side of the cervix, radiating the broad-ligament region. I have not 
found this method as satisfactory as placing the individual tubes or 
plaques against the cervix, as each case presents individual prob- 
lems and the pessaries are not pliable enough to meet all the demands. 

Heymann, of the Radiumhemmet in Stockholm, has various sizes 
and shapes of silver boxes of 2 mm. of lead (Figs. 25-28). By 
carefully adjusting these to the cervix or vaginal wall, he is able 
because of their heavy filtration to pve a much higher dosage than is 


[ 



Fig 23 — Intralumoral equipment 

G Lonfr, hollow implantor with obturator for inserting radium element needles 
1 n element needle. 

1 p element needle projccliog from end of unplanter 
J. Radon seed impUnter with seed pt03cclwig from end 
T radon seed 

w seed implantcr with obturator 

l. rorceps for loading implantcr 


Common in this country. Cross firing may be added to this local 
application by placing tubes in the uterine cavity. Inasmuch as radium 
all directions from the tubes, any placed in the vagina 
1 tend to radiate into the broad-ligament region, the same being 
placed up in the uterine cavity, so that radiation from 
o n foci increases that delivered into the broad ligament, adding 
e ‘ruction to any migrating cells. 
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Intra*nterine irradiation of menstrual disturbances, fibroids and 
malignaiKy is the most direct method and therefore usually most 
effective. Brass-filtered radium tubes (2 to 3 mm. thickness) are 
placed in a container on the end of a uterine sound and dipped in wax 
to absorb the secondary rays from the brass. Platinum tubes require 
the special filters previously described, filtering out the secondary 
platinum rays with aluminum fcul and 2-mm. ametal rubber cots 
securely tied at the end. Intra-uterine applicators require thorough 



Fjo 14 — Method ot protectinB rectum after inserting cadium tubes into cervix, 
lead lifter protecting rectum, vagina paci.eci with gaure. 


Sterilization either by chemicals or by boiling. The ordinary prei^U' 
tions taken for dilatation and currettage are necessary for intra-uterjne 
irradiation of benign conditions, and rarely is there any complicating 
infecUon. However, in using the uterus as a focus from which to cross 
fire upon the broad ligaments in treating a carcinoma of the cervtx, 
special care must be exercised in cleansing the cervix so as to avoid 
carrying the ever-present infection associated with the malignant 
cervix up into the uterine I have bad one or two severe pelvic 
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inflammations follow such an application. In Europe this is the regular 
procedure and apparently without serious results. 

Asherson reports three cases of cancer of the cervix treated by the 
transperitoneal route in addition to local application to the cervix. 
Four tubes, each containing lo mg. of radium sulphate and screened 
with 0.3 mm. of platinum, were imbedded around the growth in the 
base of the broad ligament and in one case in the left ureterosacral 
fold. He feels that this adds materially to the amount of radiation 
poured into the cervix, but the technic has not been universally adopted 
and it is not without dangers. 


Application of Irradiation 

Vulva. — Treatment of vulval diseases calls for careful protection 
of the thighs, as already outlined, and a dose carefully calculated for 
each lesion, guarding against possible burning. 




Fic. 27. — CeDuloid sledges for bolding cylinders or capsules m place within a 
cniterous cer\’K, keeping the radium far out towani the sides nearer the broad liga- 
ments The narrow area of anterior and posterior wall of the crater from 4 mm to 
11 mm. in width, depending upon width of sledge, remains uncovered by radium, but 
receives practically as powerful a radiation from cross firing from the two sides There 
is the added advantage of somewhat reducing what would otherwise be an added inten- 
sity of radbtions at those spots (rectum and bladder) where, accordmg to cepenencc, 
Injuries most frequently arise 


Vulva 


Chapter 221 J-i 
Volume IlJ ^-t 

Pruritus viilvae, a distressing malady, is markedly relieved by the 
local application of radium close to, but not on, the skin. The dose 
usually varies from 300 to 400 mg. hr. at ^-inch distance over an area 
about two inches square. Should the disease extend posteriorly about 
the anus, an additional area is necessary, the same dose being given 
over each. One treatment usually stops the itching and improves the 
condition in the ordinary cases, but involvement of the deeper skin 
layers requires a repetition in four to six weeks, depending upon the 
result of the first application. 




cncreal warts are commonly multiple and extensive. The smaller 
frequently eradicated with electrodesiccation; the extensive 
Rad‘ ° demand electrosurgical e.xcision. (See Section II.) 

in however, are exceedingly important adjuncts either 

"ith electrosurgery or as the sole therapeutic agent, 
pj here is somewhat heavier than that necessary for 

nus vulvae, running up from 500 to 600 mg. hr. at Yz inch from 
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the skin, repeated in four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with irradiation 
therapy, frequently in combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose skin about the 
NTilva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually i,ooo to 1,500 
mg. hr. are given at J^’inch distance over two square inches of area, 
deeper involvement requiring implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema^ dose 
with x-ray or radium pack, and any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. Intravaginal irradiation is coupled 
with accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters oi Yi ox inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calculating the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly in the small 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
in va^nal cancer is dangerous, as the thin vaginal wall allows easy 
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injury to surrounding organs, and it is rarely necessary on account 
of the relative superficialness of the growth itself yielding readily to 
direct applications. As the radium is laid directly against the growth, 
the determination of the dose and filtration is important. I prefer 
heavy filtration of i or 2 mm. of platinum or lead and aluminum foil 
and 2 mm. of rubber, filtering out all the soft rays, allowing only 
the hardest penetrating gamma rays to reach the growth- One thousand 
milligram hours distributed over two square inches of gronlh have 
in my experience given the best results. Where the disease has ex- 
tended on two or more sides in the vaginal cavity, the pack must be 
moved from time to time, to cover the entire involvement. I usually 
use a small amount, say 75 to 100 mg. for from 10 to 15 hr., varying 
the dose as necessary. 

Cervix . — Benign cervical diseases offer much for irradiation therapy. 
Various reports have been made of the advantage of radium treat- 
ments in endoccrvidlis, an inflammatory condition which, as a rule, 
is best handled by cauterization or electrocoagulation. (See Section 
II.) The same may be said of benign polyps, easily removed with the 
cautery or high-frequency current, in which, should any malignancy 
be found, the base is thoroughly destroyed and adequate irradiation 
given as a prophylactic measure. 

Cervical malignancy is one of the most fertile gynecologic fields for 
irradiation therapy because of the ease of approach and concentration 
of dose, and sensitivity of the cancer, usually predicted by the micro- 
scopic picture. Biopsy is a routine confirming the diagnosis and aiding 
the prognosis- Martzloff, Broders and others have shown that basal- 
cell tumors (which are less differentiated) are the most sensitive to 
irradiation, while squamous-cell, or the more highly differentiated type, 
are less sensitive in direct proportion to the amount of keratinization 
observed microscopically, for, the nearer the cells are to the adult 
squamous type, the less response is there to the rays. Adenocarcinoma 
is still more resistant. The microscopic picture, then, is of great help 
in prognosticating any individual case, but not always the sole factor, 
as there is a great difference in the individual variation wthin any 
one particular type. 

Statistics show that in the early so-called operable cancers, as high 
a percentage of five-year results is obtained by irradiation as mth any 
operative procedure. This is without a primary mortality, so that in 
reality the odds are in favor of irradiation therapy. In spite of the 
efficient cancer propaganda for the last ten or fifteen years, we still see 
^large number of cases, 70 per cent in my series, coming in the 
borderline of inoperable cases, either because of the late development 
of symptoms, the patient’s own fear of cancer and therefore neglect 
of investigation, or because of the physician’s ignorance as to the 
proper diagnosis. Surgery offers nothing in this group. The author, re- 
porting 231 cases occurring during 1921 and 1922 at the Howard A. 
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the skin, repeated in four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with irradiation 
therapy, frequently in combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose skin about the 
\njlva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually i,ooo to 1,500 
mg. hr. are given at j4-inch distance over two square inches of area, 
deeper involvement requiring implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema dose 
with x-ray or radium pack, and any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. Intravaginal irradiation is coupled 
with accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of or 54 inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calculating the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly in the small 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
in vaginal cancer is dangerous, as the thin vaginal wall allows easy 
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Clinic and others, maintaining that small amounts of radium given 
over a period of a day or two and repeated once a week for three 
weeks are more efficacious I have found that the latter method gives 
the best result and have adopted the plan of breaking up the calculated 
total dose into three smaller ones given one or two weeks apart. In 
support of this theory, its advocates maintain that inasmuch as cells 
are vulnerable during mitosis, more are affected by exposure to a small 
amount of radium over a long period, and repetition of the dose on 
two or three successive occasions destroys a still larger number. 

Following the first treatment, there is a period of erythema, after 
which the cervix gradually shrinks and whitens, being covered with 
a grayish “radium slough.” Bleeding soon stops, and the discharge 
lessens in proportion to the amount of the cervical contraction 
and healing. In from six to eight weeks the cervix is entirely healed 
and replaced by a firm cicatrix. This is quite uniformly the case, 
even when broad ligament and perimetria! invasion has been noted 
at the first examination. 

After four to six weeks from the first treatment, it is safe to cross 
fire through the pelvis with radium plaques or x-ray; the full 
erythema dose is given through each of several portals, two being 
most commonly chosen, one over each broad ligament, with careful 
protection from overlapping on the skin. A third portal may be chosen 
through the sacrum, if indicated by much e.xtension into the posterior 
pelvis. 

Recurrences are treated as they develop. The reappearance of local 
disease is combated by applications similar to the first, the dose usually 
being one-half to two-thirds that originally given. Lateral extension in 
the broad ligaments in the form of a sclerotic mass, or growth pos- 
teriorly as a fan-shaped diaphragm on each side and encircling the 
rectum, is best treated by cross firing through the pelvis, as previously 
outlined. Larger massive recurrences are implanted, after thoroughly 
sterilizing the vagina, with radon seeds when available, as they can be 
although removable radium element needles are just as 
eiticacious. On the basis of one millicurie of radon permanently im- 
.Dlanted giving 133 millicurie hours of treatment, the dose is varied 
rom 500 to 1,200 mg. hr., depending upon the size of the mass. With 
tadium element needles, the dose is the same and calculated on a time 
'Sram basis as in any other local application. 

_ I he complications which may arise following irradiation of car- 
cinoma of the cervix depend upon the extent of the disease at first 
amination and the skill \vith which the application is made and dose 
rectal fistulas arc rare when careful precautions 
or ° ^nd provided the growth did not involve the anterior 

posterior vaginal walls to any marked derrep hpfnrp irprifmon* 
b'‘gun. 
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Kelly Hospital, showed that even in this surgically helpless group, 28 
per cent of the local lesions ‘were healed and 44 markedly improved, 
with a clinical four-year arrest of 15 per cent. One year later, which 
brought these statistics up to the five-year period, there were 10 per 
cent clinically well and without demonstrable disease. 

Early cases, presenting as small ulcers on the cervix or limited 
involvement in the canal, are treated without preliminary cauterization. 
In the more advanced, removal of a portion of the cervix with the 
cautery or by electrosurgery allows the application at the outlying 
portions of the growth where activity is greatest and the treatment is 
concentrated. This combination is of special value in treating massive 
cauliflower growths which fill the vagina. The cervix is amputated with 
a strong cutting current and the base sealed with a strong coagulating 
current. Where this amputation is impossible or difficult, the growth 
can be removed with an electrosurgical loop back to firm tissue. 

The application of the radium is made in one of several ways, 
depending upon the case at hand. The canal is filled with an ametal 
rubber cot containing platinum-filtered (1 to 3 mm.) radium sur- 
rounded by aluminum foil. A plaque similarly filtered is then placed 
over the cervix and held in position with suitable vaginal packing. 
Ametal rubber pessaries or dumb-bell applicators, with extra thick 
rubber filters around the tubes to keep them away from the vagina, 
guarding against burning, may be used to hold rubber tubes out under 
the broad ligament. I have found it rather difficult to apply these 
pessaries and dumb-bell applicators, as they are more or less fixed in 
size and shape and not adjustable to many cervices. Extension beyond 
the cervix into the broad ligaments requires implantation of radon 
seeds, or radium element needles are placed in the cervical tissue 
opposite the broad ligament or in the massive extensions. 

Intra-uterine application in cervical cancer is advocated by many 
as an additional means of cross firing upon the broad ligaments. This 
is not without danger of infection being carried up into the uterus 
and an associated pelvic peritonitis. Cancers of the cervix always have 
a large amount of associated infection, usually streptococcus. In 
the few cases in which I have added intra-uterine irradiation, there 
has been a high percentage of infection in spite of preliminary cleans- 
ing of the cervix. There is less likelihood of carrying infection into the 
body if the cervix is cauterized, but no method of chemical steriliza- 
tion will eradicate all bacteria lingering deep in the tissues. 

With radium filtered with i mm. of platinum, the average cervical 
dose is 3,000 mg. hr., by the combined application of needles, tubes 
and plaques. With heavier filtration, say 3 mm. of platinum, the dose 
is increased to 4,000 or 5,000 mg. hr. Heymann, using the equivalent 
of 3 mm. of lead, gives 6,000 mg. hr. in broken doses, with impunity. 
There are two schools of dosage— one holding that a heavy, short 
application deals a death-blow to the growth better than repeated 
treatment, the other, supported by Bowing and Fricke of the Mayo 
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In two other patients in this group there were miscarriages. Neill 
concludes that pregnancy is possible after irradiation in selected cases. 

For patients from twenty-five to forty years of age, the intra-uterine 
dose is increased to t,ooo to 1,500 mg. hr., producing amenorrhea 
for from one to two years with return of the menstrual periods in the 
younger group. Rarely is a patient resistant to one or two intra- 
uterine treatments and then requires hysterectomy. Hyperplasia at the 
menopause requires 1,500 to 2,000 mg. hr. wth brass-filtered radium 
and 1,800 to 2,200 mg. hr. with platinum-filtered radium to bring 
about a complete cessation of menstruation. Artificial menopause is 
accomplished without serious complication other than that which 
would have occurred had the menstrual cycle ceased in the normal, 
physiologic way. 

Fibroid tumors of the uterus are especially susceptible to irradia- 
tion given internally or transpelvically, although intra-uterine applica- 
tion is quicker and more certain. The size of the tumor, per se, is not 
a contraindication to irradiation therapy, but pedunculated subserous 
growths, submucous tumors, calcified fibromas, an incarcerated uterus, 
an obscure diagnosis or acute pelvic inflammatory diseases require 
surgical intervention. Uterine fibroids so densely bound down by old 
inflammatory adhesions that their removal is an unwarranted risk 
respond to irradiation and, shrinking to normal, or nearly so, all 
bleeding ceases. Reduction of a densely adherent uterus is sometimes 
associated with abdominal discomfort caused by pulling on the ad- 
hesions, a symptom of minor importance considering the patient’s 
general well-being. The degeneration of fibroma into sarcoma by irradi- 
ation has not been established, as such cases reported in the literature 
were probably malignant from the beginning. The fibroid dose of intra- 
uterine radium is about the same or perhaps a little larger than that 
required for permanent amenorrhea, as previously described. X-radia- 
fion and radium pack for fibroids act through the effect of the rays 
upon the ovary more than directly upon the tumor itself. Intra-uterine 
irradiation, however, has a double action; first, an obliterating endar- 
teritis of the endometrial vessels and, second, an inhibition of ovarian 
activity. Some authorities believe that e.xcessive bleeding wth marked 
is a contraindication to irradiation, as it is imperative to stop 
. ® “i^eding immediately. Hysterectomy is also not without its dangers 
1 ” ®^^h patients. Dilatation and curettage under gas anesthesia, or 
in the nulliparous without any anesthetic, are associated with much 
*‘’sk and bring about almost uniformly a complete cessation of 
® ^niorrhage until the radium has had its effect. Submucous fibroids 
or fibroid polyps require surgical removal, as irradiation against these 
P'es rise to sloughs of varying degrees of severity with infection and 
oul discharge, without eradicating the tumor. 

Malignant Diseases. — Adenocarcinoma of the uterus usually 
Ofs at or after the menopause. Curettage reveals the diagnosis, but 
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Uterus. — ^Irradiation of uterine disease has been a blessing to many 
thousands of patients by sparing them the dangers and mutilations of 
operations for the removal of one or more pelvic organs. 

Benign Diseases. — Many thousands of women have had their 
uteri saved by irradiation control of irregularities in menstrual flow 
or eradication of fibroid tumors. What a pity to deprive unnecessarily 
a young woman of her pelvic organs and hopes of normal sexual 
activity, by removing the uterus for a menstrual irregularity or small 
fibroid tumor. Many cases are on record of perfectly normal menstrual 
and sexual functions and the occasional birth of a normal child after 
uterine irradiation. 

Hyperplasia of the endometrium is most frequently encountered at 
the beginning or termination of the menstrual cycle. In young women 
under twenty-five, the intra-uterine dose is from 400 to 1,000 mg. hr., 
with brass-filtered radium, and about one-third more than this when 
1 mm. of platinum, aluminum foil and 2 mm. of ametal rubber are 
used. In girls at the beginning of the menstrual period up to the l^er 
teens, one-half to two-thirds of an erythema dose with x-ray or radium 
plaques over the ovaries gives the same result without the necessity 
of instrumentation. Following such treatment, there may not be a 
complete cessation of the menstrual cycle, but a gradual reduction to 
normal flow. If amenorrhea occurs, it usually lasts six months to a 
year, gradually returning to normal. 

W. Neill reports 30 cases of adolescent bleeding treated with radium 
at the Howard A. Kelly Hospital. In six of these the hemoglobin 
varied between 30 and 50 per cent. The youngest patient was 13 years 
old, and the oldest 25. He divided the cases into three groups: In 
Group I there were sixteen patients in whom the periods became 
normal immediately or within a few months after treatment and 
remained so. In Group II, five cases, there was temporary amenorrhea 
with a later return to normal menstruation. In Group III, permanent 
amenorrhea was established in six cases. All of these were treated by 
the intra-uterine method, with a dose varying from 184 millicurie 
hours to 1,300 millicurie hours, the maximum dosage being used in a 
person 24 years of age, who had had such extensive hemorrhages in 
spite of previous curettements that the hemoglobin was 30 per cent. 
Hysterectomy had been advised, but refused by both patient and par- 
ents. After irradiation, immediate cessation of hemorrhage occurred, 
but irregular bleeding continued for eight months, when normal 
periods became established and the patient’s health steadily improved. 

In Group I of Neill’s cases, one patient married one and one-half years 
after treatment (12 years ago) and gave birth to a normal child one 
year after marriage (2)4 years after treatment), and a year and a half 
later (4 years after treatment) there was a stillborn child at full term. 
Five years later, she was delivered of a second healthy child — both 
children being alive and normally developed at the time of this writing. 
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SECTION IV 

HYDROTHERAPY— DOUCHES 

Hydrotherapy in gynecology is limited to perineal irrigations and 
douches, and occasionally sitz baths, irrigations and douches being 
most frequently employed as a cleansing agent following perineal 
operations, although ulcerating diseases of the vulva require irriga- 
tions for cleanliness and comfort. Irrigation solutions are usually 
similar to those for douching the vagina. Sitz baths relieve pain and 
tenesmus, and cleanse the external genitalia. 

The real value of a douche is threefold — first, and most important, 
the mechanical irrigation; second, heat applied more closely to the 
scat of disease; and third, the chemical effect, of least value, as solu- 
tions strong enough for definite chemical action on bacteria often are 
irritating and usually do not remain in the vagina long enough for 
real antiseptic effect; neither do they reach the cervical canal, the 
seat of most leukorrheas Saline and alkaline douches are soothing to 
the irritated vagina or vulva. 


Technic 

Douches are best given by a nurse or an attendant, although am- 
bulatory patients using the treatment at home, once or twee a day, 
have to irrigate themselves. A long, curved, hard rubber nozzle, 
most commonly satisfactory, is attached to a soft rubber bag by a 
long rubber tube. A special, two-way douche nozzle, with a large 
flange near the distal end, to keep the vulva apart, is preferable, 
thereby protecting the external parts from irritation from hot solu- 
tions, and at the same time making distention of the vagina possible, 
the solution escaping only through the outflow tube. The patient 
should lie on her back, preferably with the hips slightly elevated, 
assuring that the solution gets as high as possible (except in acute 
Cases, when Fowler’s position is essential to reduce extension up the 
cervix and uterus and out into the tubes). Advise against sitting on a 
commode while taking a douche, as the solution does not remain in 
the vagina long enough nor under sufficient pressure to distend all the 
folds of the vaginal wall. 

Acute and chronic endocervicitis arc the most common diseases 
cqumng douches, although the heat of the douche is of great value in 
3cute and chronic salpingitis. 
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does not always tell of the exact location and the extent of the involve- 
ment. For this reason, intra-uterine irradiation is liable of inaccurate 
application, and for many years panhysterectomy was considered the 
method of choice. Recently, Burnam and others have reported excel- 
lent results from intra-uterine irradiation, which compared favorably 
wth those of panhysterectomy without primary operative mortality. 
The intra-uterine irradiation technic is as formerly described with 
two or three times the dose — as high as 3,000 or 3,500 mg. hr. being 
given with brass-filtered radium and 3,500 to 4,000 mg. hr. with 
platinum-filtered radium. In extensive cases this might have to be 
repeated as occasion demands, the repetition of treatment in any case 
depending entirely upon the progress. Marked palliation is obtained 
even in advanced disease involving the broad ligaments, particularly 
when the treatment includes Iranspelvic irradiation. 

Ovaries. — As already mentioned, the ovaries are always affected 
when treating diseases of the uterus or the cervix. 

Benign lesions of the ovaries, then, which are treated with irradia- 
tion, are only those dependent upon functional activity. 

Carcinoma yields surprisingly well, but I believe an exploratory 
operation should always be done in the hope of removing the growth, 
or as much of it as possible, and allowng accurate localization of the 
remaining trouble for more effective postoperative irradiation. Irradia- 
tion of ovarian tumors without preliminary operation, except in rare 
instances where the tumor is massive and diagnosis is quite certain, 
is more or less working in the dark. I recall a patient of Howard A. 
Kelly’s who had been operated on in a distant city and the diagnosis 
of inoperable, adherent, bilateral carcinoma of the ovary made with- 
out biopsy. Operation (at which I assisted) was performed in an 
effort to determine more accurately the exact nature of the growth and 
to remove as much as possible before irradiation. Two large chocolate 
cysts were found and completely removed, the patient making a 
splendid recovery. Electrosurgery was necessary to cut the tumors 
away from the densely adherent intestines. 

The dose of radium or x-ray should be carefully calculated and 
livered through as many portals as possible, cross firing upon the 
seat of the disease. An erythema dose is given through each portal, 
with careful protection of the skin to prevent overlapping. 
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Acute Gonorrhea 

The local treatment of acute gonorrhea is only part of the thera- 
peutic measures necessary to cure the local disease, prevent salpingitis 
and protect the other members of the household. The accepted gen- 
eral medical measures must always go hand in hand with douches and 
external irrigations. 

In the acute stages, patients are usually in bed, where frequent and 
constant treatments are more readily given. The perineum and vulva 
are cleansed three or four times a day by copious irrigations, with a 
mild antiseptic solution, such as 2 per cent boric acid, bichloride of 
mercury (1:8000) or potassium permanganate (1:4000). Vaginal 
douches of similar solutions, at a temperature of 116° F. (46.67° C.), 
are given at low pressure, with the body elevated, preventing forcing 
the acute infection up into the cervix, uterus and out into the tubes. 
It is better here to use a soft rubber nozzle inserted a little way into 
the vagina, avoiding any abrasion. The heat inhibits the growth of 
the gonococci (Cherry) ; and large amounts of fluid, for instance, the 
long-employed gallon douches, greatly prolong the application to the 
cervix. After the acute stages have subsided, douches are supple- 
mented by topical applications and other treatments, which are beyond 
the scope of this chapter. 

Hyams ^ has described a unique instrument for, and method of 
applying, .prolonged irrigation to the urethra and to the cervix and 
•yagiharwith hot solution at an exact temperature under accurate con- 
trol. The accompanying diagrams are sufficiently illustrative without 
further description. 

Acute Urethritis 

Tfi^patient is requested not to void for at least an hour before 
-treatment, which is applied in the lithotomy position. One ounce of 
I per cent silver nitrate solution is injected into the vagina, bathing 
its walls, as well as the cervix, and held by a pledget of cotton in the 
outlet. The urethral open applicator (Fig. 29) is connected to a tank 
containing sterile water at a temperature between 1x4 and 118° F. 
(45.56 and 47-78° C.), and the external parts cleansed by irrigation, 
after which the applicator is inserted into the urethra for about 
one-quarter of an inch and held firmly against the meatus to prevent 
leakage. Water is allowed to circulate at a temperature varying from 
106 to 114° F. (41. II to 45.56° C.), according to the tolerance of 
the patient, under a little pressure, distending the urethra so that its 
entire surface is accessible and flushed. Applications usually last 
twenty-five minutes; then a cotton applicator, saturated with x per 
cent silver nitrate solution, is inserted into the urethra and left for 
ten minutes. The pledget previously placed in the vaginal opening is 
removed, the urethra and vulva dried and dusted \vith a powder con- 
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sisting of one part xeroform and three parts boric acid. A closed 
applicator is used for repeated treatments (Fig, 30), after the acute 
symptoms have subsided; and the duration of the treatment, tempera- 
ture and local medication are the same as in the open method. Daily 
sitz baths are essential, the patient being instructed to sit in the bath- 
tub and allow the hot water to run slowly and steadily for fifteen 
minutes by the clock. Detailed instructions are also given regarding 
general hygienic measures, regulation of diet, fluid intake and care of 
the bowels. 

Acute Endocervicitis 

Figure 31 shows Hyams* instrument for continued irrigations of 
the cervix and vagina. The preliminary technic is similar to that 
described in the treatment of acute gonorrheal urethritis. After snugly 
fitting the cervical instrument into the vaginal orifice, a thermom- 
eter is inserted, light attached, the rubber tube from the hot water 
supply connected to the instrument, and the irrigation started. The 
vagina immediately distends, and by looking through the attached 
telescope the water is seen loaded with pus and debris, resembling 
a "violent snowstorm,” temporarily obscuring clear vision but soon 
clearing as the irrigation is continued. By manipulation of the cervical 
applicator, its tip is inserted just within the external os, the entire 
instrument then being held in place by a special holder, the water 
circulating at a temperature of 115 to 118® F. (46.11 to 47«78® C.). 
The patient experiences no discomfort so long as the circulating fluid 
remains confined iNithin the vagina, but care must be exercised ‘that 
none leaks around to irritate the skin. After twenty-five tminutes of 
such irrigation the instrument is removed, and an ounce’of;i‘per;cent 
silver nitrate solution is injected into the vagina to remain for ten 
minutes, bathing the cervix as well as the vaginal walls. The skiff, of 
the vulva is then dried and dusted with the same dusting powder. 
The patient carries out similar home treatment as when being, treated 
for the acute urethritis. 

Chronic Endocervicitis 

Douches and tampons are the time-worn treatments for chronic 
endocervicitis When the infection has penetrated deeply into the 
racemose cervical glands, chemical solutions on tampons and the 
mechanical irrigation rarely serve to clean up the outlying posts of 
the trouble. Hot douches are of value in stimulating circulation and 
cleansing the vagina of the accumulated mucoid Icukorrhca but other- 
Wise are of limited value. Chronic endocervicitis, as indicated under 
Electrosurgery, needs more drastic treatment. During convalescence 
from such surgical measures, douches are cleansing and comforting. 
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Hydrotherapy — Douches 


Malignant Disease or Cervix, Vagina and Vulva 

As a matter of completeness, I reiterate what has been said else- 
where relative to the great comfort which douches are to the gyne- 
cologic patient suffering from malignant disease. Following irradiations 
of the cervix and vagina, there is ahvays considerable vaginal drainage. 
Carcinomas of the vulva are associated with much weeping of serum 
and sloughing growth, always discomforting and annoying. An alkaline 
douche once or twice daily is most commonly used, as it neutralizes 
the acid, irritating secretions. 

Douche Prescriptions 

THE P. M. C. DOUCHE 


Acidi borici iv 

Pulv. alum, 5 i 

Pulv. phenol n ii 

01. menth. pip. 5 i ss 


Sig.: Mix well. A teasponful In n quart of warm water 
as a vaginal douche. 

THE A. B. C. DOUCHE 

I? Pulv. alum, exsic i 

Phenol S i 

Acidi borid 5 vi 

01. gaulth S i 

01. menth. pip nt xxx 

Sig.: A teaspoonful in a quart of warm water as a vaginal 
douche. 

If Acidi carbolici o ss 

Sod. biboratis 5 ii 

Acidi borici 5 ui 

Sig.; One dram in two quarts of hot water as a vulval 
douche, t. i. d 

01, menth. pip 5 ss 

Acidi carbolici 5 i 

Zinci sulphatis 0 i 

Acidi borid 5 iv 

Sig.; Two drams in one gallon of hot water as a vaginal 
douche, b. i. d. 
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CHAPTER TWENTY-THREE 


THE USE OF PHYSICAL THERAPY IN OPHTHALMOLOGY 
Sanford R. Gifford, M.D. 

Introduction 

^Vhile always depending to some extent on such physical therapeutic 
agents as heat and cold, ophthalmologists in general have been rather 
slow to make use of the modern agents of physical therapy, such as 
ultraviolet light, diathermy, x-ray and radium. This conservatism has 
probably depended largely on a very proper fear of possible damage 
to the delicate structures of the eye, cornea, lens and retina by 
these agents. Such possibilities of danger undoubtedly exist, and it 
is only through the experiences of a relatively few observers in recent 
years that we are now able to say just what these dangers are and 
to arrange proper dosage and filtration so that they may be avoided. 
As a result of the same observations, we are now able to say some- 
thing as to the various conditions which are definitely benefited by 
these agents. This should mean only conditions in which phototherapy 
or radium, for example, offer advantages not enjoyed by the agents 
previously used, as needless expense and loss of time by both physician 
and patient should not be incurred by using more complicated meth- 
ods and instruments for the treatment of conditions which are satis- 
factorily relieved by simpler means. 

This chapter will attempt to consider, therefore, only the condi- 
tions in which physical therapy has very definite indications, and 
wnll give the technic and dosage which have been found safe and 
effective by observers with enough clinical experience to back up their 
statements. 

Thermal Therapy 

The use of heat and cold in ocular conditions should be governed 
the same general rules as those for heat and cold elsewhere in the 
DMy. In the first stages of an acute inflammation, such as gonor- 
^“^^1 ophthalmia, acute conjunctivitis of other types or acute orbital 
cellulitis, cold applications often reduce the amount of swelling or 
prevent further swelling, and often relieve pain. They are best applied 
10 the form of shaved ice in a thin rubber container such as a rubber 
glove with the fingers lied off. This is wrapped in one layer of thin 
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gauze and placed over the closed lids. Cotton pads wrung out of ice 
water are also effective. Cold in one of these forms is often used for 
alternate hours during the period when swelling may be expected. 
Such treatment is of special value after certain operations such as those 
on the extra-ocular muscles which are frequently followed by con- 
junctival swelling. In any case of iritis with much pain, cold packs for 
not over 15 minutes to one-half hour at a time may be tried and may 
be of great value in relieving pain. When an ecchymosis of the lids 
(black eye) or a subconjunctival hemorrhage first occurs, cold appli- 
cations may cause contraction of the vessels and prevent further 
oozing. After 24 hours they are probably of no further value, and 
should be replaced by hot packs which seem to hasten the process of 
absorption. 

The same is true in most inflammatory conditions in which, after 
the initial swelling has been minimized by cold packs for 48 hours, 
the use of heat is generally of more value. 

Moist Heat. — In most cases moist heat can be efficiently applied, 
and requires no special equipment. A pad of cotton is placed on the 
eye, as the patient lies in bed with the eyes closed. First warm water, 
and then hotter water, is dropped on the cotton with an ear syringe 
or a dropper till the highest temperature which is tolerated without 
pain is reached. This temperature is kept up for 20 minutes and 
such applications are given three or four times a day. It is important 
to give proper instructions either to nurses or to members of a patient^s 
family, when the effect of hot packs is desired. Patients should un- 
derstand that with the lids closed, there is no danger In using ordi- 
nary water, and it is usually best, since if any solution, such as 
that of boric acid, is used, there will seldom be enough solution, or 
hot enough solution, to give a proper pack. 


Dry Heat. — Where dry heat is desired, as after intra-ocular opera- 
tions, the various infra-red lamps are clean, safe and effective. They 
should be placed at such a distance from the eye that the heat is not 
actually painful, and treatments should last 20 to 30 minutes. The 
heat of an ordinary reading lamp may be used for this purpose. Park 
Lewis has described a convenient small infra-red lamp made to fit 
snugly over one eye, which can be used by the patient himself. The 
Kopflichtbad used in many German clinics is a box which fits over the 
head and contains four to six electric light bulbs, which can be turned 
on to give varying amounts of heat to the head. The congestion of 
the head so produced is claimed to be more beneficial than packs to 
the eye alone. 

Other methods of using heat, such as diathermy and the thermo- 
phore, will be described later. 
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Phototherapy 

In using light on the eye or adjacent structures, there are several 
factors which make the effects different from those of light applied 
elsewhere in the body. Most important of these is the transparency of 
the ocular media, which allows access of certain kinds of light to 
the deeper structures, and which may be impaired by too great a 
dosage of active rays. 

Absorption. — The normal cornea absorbs 50 per cent of the longer 
infra-red rays, between 18,000 and 16,000 A®, the other half being 
absorbed by the lens. Between 16,000 and 13,500 A°, the cornea 
absorbs almost all the light, while from 13,500 do^vn to the beginning 
of the visible red rays at 7,700, an increasing amount is transmitted, 
reaching 100 per cent for the rays of the visible spectrum, 7,700 
to 4,000. In the ultraviolet region it absorbs practically all rays below 
2 » 9 SO* The aqueous and vitreous humors transmit all rays which pass 
the cornea. The lens, besides absorbing most of the longer infra-red 
rays which pass the cornea, absorbs 25 per cent of rays between 
13.500 and 11,000 A®, all the ultraviolet rays between 2,950 and 
3,200 and part of those between 3,200 and 4,000. These ranges of 
absorption are important since it is only the absorbed light which is 
effective, or in larger doses, harmful. 

^ Sensitiveness. — It may be expected that the cornea will be espe* 
cially sensitive to ultraviolet light. It is sensitive not only because 
of its absorption, but because of its rich supply of nerve endings, 
and this sensitiveness is the second factor which must be considered 
as peculiar to the eye. When the cornea is exposed to a source of 
ultraviolet light of sufficient strength, an abiotic reaction begins after 
six to eight hours, with swelling and irregularity of the corneal epi- 
thelium, and the formation of vesicles. If the exposure is longer, 
the epithelium is completely desquamated, the corneal corpuscles show 
fragmentation of their nuclei, and eosinophile cells appear in the 
cornea. This occurs, of course, only with exposures much longer than 
those used for therapeutic purposes. Even a slight abiotic reaction 
oyer a large area of cornea is intensely painful. It is the real basis 
of photophthalmia or snow blindness and may occur in typical form 
after accidental exposure to the flash of an electric arc. 

It was formerly believed that snow blindness was due to the effect 
of ultraviolet light on the retina. From what we now’ know’ of the ab- 
sorption of ultraviolet by the cornea and lens, it is apparent that only 
the longer ultraviolet rays betw’een 3,200 and 4,000, and only part 
°f reach the retina, and changes in the retina as a result 

of these rays have not been sbowm to occur experimentally. The retinal 
changes produced in rabbits by Birch-Hirschfeld were chiefly in eyes 
rom which the lenses had been removed, and after much longer ex- 

44UI 
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posure than is ever used clinically. Large doses of infra-red rays, on 
the other hand, may cause injury to the retina, and this is what occurs^ 
occasionally after looking at an eclipse of the sun, when atrophic' 
changes in the central retina may later be seen with the ophthalmo- 
scope. 

The ultraviolet rays which pass the cornea may, in large doses, 
have the same effect on the epithelium of the lens capsule as on that 
of the cornea, and Duke-Elder ‘warns against this in using photo- 
therapy. The only clinical reports of cataract after phototherapy, 
however, of which I can find record are the two cases of Scheerer, 
and in these cases some x-ray treatments had also been given. It has 
been shown in the clinic of Vogt that very large doses of ultraviolet 
are tolerated by the lens without any opacity developing. In the same 
work, however, it was found that the infra-red rays which pass the 
cornea did produce lens opacities. It is to guard against this that the 
source of light used for phototherapy must be seriously considered. 

Sources of Light. — General Irradiation. — For general irradia- 
tion of the body, the larger mercury vapor arc lamp is usually used, 
in a quartz tube. Types of this are the Jesionek light, a light de- 
scribed by Duke-Elder * which, \vith the addition of a screen and 
quartz applicator, is also suitable for local applications to the eye, and 
the air-cooled mercury quartz lamps, which are now being used rather 
extensively, especially by pediatricians, and which Koeppe has used. 
In Copenhagen, where the Finsen iron arc light was first used for tuber- 
culosis, a type of large carbon arc has finally been selected as the one 
whose spectrum most nearly approaches that of the sun, and this is be- 
ing used for general irradiation.- The object of this treatment is to 
produce a mild skin reaction, which has been shown to increase the bac- 
tericidal. p'ower of the blood, and so it is of value especially in tuber- 
culous conditions and phlyctenular keratitis. In the technic used at 
Moorfields Hospital, one-third of the body surface is irradiated at each 
sitting 'With the mercury arc lamp, the dose being found which will 
produce a -slight erythema, and this is repeated on other areas two or 
three times a week. After fifteen such treatments, a carbon arc light is 
then used which is richer in the long ultraviolet rays, and has a more 
penetrating effect. Five treatments wth this are given, and after two 
to three weeks of rest, another course is given if necessary. 

Local Irradiation. — For local treatments to the eye with ultra- 
violet light, Duke-Elder uses a mercury vapor arc slitlamp apparatus, 
with a quartz lens system; Koeppe, the water-cooled mercury quartz 
lamp, a small mercury arc in a water-cooled quartz container, wth a 
quartz applicator. The light which is used in most European clinics, 
and which I have used in most cases, is the Birch-Hirschfeld irradiation 
lamp, a carbon arc, with a filter of uviol glass, and a quartz lens system, 
one lens of which is movable, so that a fine bundle of light can be 
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focused on the corneal lesion (Fig. i). A quartz cell containing 0.5 per 
cent copper sulphate solution was used by Birch-Hirschfeld to remove 
the infra-red rays. This absorbs some of the ultraviolet rays, all, in fact, 
below 3,050 A°. Hence distilled water in the cell, which has the same 
effect on the heat rays, is to be preferred. 

Uviol Filter . — Since the uviol filter removes some of the infra-red 
rays, I have often used the lamp without any other filtering solution 
and have never seen any damage to the cornea from the slight heat 



> Birch-IIirschteld Irndiition bmp with mnol filter and quaitr lens {Cell lor 
distilled nater not shonn ) 
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effect produced, which may itself have some beneficial effect. The uviol 
filter removes most of the visible rasrs which produce dazzling rays, 
transmitting only a narrow band of visible rays in the blue-violet, the 
effect of which is rather to decrease photophobia and corneal sensi- 
tivity. Figure 2 shows the spectrum of this light. Without any fillers it 
transmits a uniform band down to 2,300 A®. With the uviol filter 
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Fic. 2. — Spectrum of Birch-Hirschfeld lamp «, ArcUcht without filter; b, arc licht with 
ucnol and copper sulphate fitters; c, arc licht with u\nol filter. 
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the shorter wavelengths are absorbed, but a considerable amoi 
ultraviolet down to 2,850 is transmitted. Other filters, su 
some of the Corning glasses, or Wood’s filter of nitrosoamino-a: 
transmit more ultraviolet, and attempts are being made to i 
system of filters with which the amount of ultraviolet can be ' 
satisfactorily. The amount of ultraviolet emitted by the light 
is much affected by the carbons themselves, carbons cored with r 
aluminum, cobalt or iron being specially rich in ultraviolet.* J 
arc used in this work, carbons with iron cores were used, Witl 
apparatus, as at present used, the light is focused on the lesio 
five to ten minutes, and should be kept in focus by the surgeor 
trained assistant, as slight movements of the head or eye will i 
wise remove the lesion from the area of effective radiation. 
ments are repeated once or twice a day. 

Visible Rays . — Another method of phototherapy utilizes c 
visible rays, which penetrate the media and are effective in li 
of the posterior segment. For this, the arc light, with Henker’s 
of crystal violet and copper sulphate solution, is used Koeppe r( 
good results from this method in 200 cases of tuberculous iridocy 
and in several cases of periphlebitis of the retinal vessels 
choroiditis. 

I have had no experience with this method of treating deeper le 
and believe the evidence in favor of its use is not nearly so convl 
p that in favor of ultraviolet irradiation in the types of conditv 
be described. 

Comparative Results from Use of Various Lights. — I 
therapy was first used for the treatment of tuberculous eye dh 
and phlyctenular keratitis in scrofulous children, following the 
of Rollier and of Fleming and Krusius on exposure to sunlight ir 
altitudes. In these conditions, geneial light baths with the me 
vapor arc have proved of definite value. Stock, Koeppe, Duke* 
and many others have reported rapid clearing up of eye h 
during the general reaction so produced, so that light baths are i 
part of the routine treatment of phlyctenular keratitis in many ci 

Tuberculous Iridocyclitis; Sclerosing Keratitis. — In tul 
lous iridocyclitis and sclerosing keratitis, supposed in most cases 
due to tuberculosis^ local applications of light have also Keen 
Koeppe’s 3 oo cases of iridocyclitis, which have been mentioned, 
heated uith an apparatus which depended chiefly on the visible 
Schanz used his arc light with uviol filter for similar conditions. 
Stock and Duke-Elder, however, report that no definite result 
stained by local phototherapy in tuberculous iridocyclitis, altl 
Duke-Elder believes a trial of such treatment is justified whei 
bercles are confined to the iris. Stock and Gilbert have seen 
fesults in sclerosing keratitis. 
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Lupus of the Lids; Conjunctiva. — ^Lupus of the lids and con- 
junctiva was first treated by Lundsgaard with the Finsen light, which 
he found superior for this purpose to the mercury vapor lamps because 
its spectrum contains more of the longer ultraviolet rays, so that a 
deeper effect is produced. The cornea was protected by cotton and the 
light applied to the everted lids, which were made anemic by pressure 
with a quartz applicator. Treatment lasted one to two hours, producing 
a second degree erythema with membrane formation. The water-cooled 
mercury quartz lamp requires much shorter exposures, and good results 
have also been obtained with it. Axmann used a mercury vapor arc 
with success in similar cases. He did not protect the cornea, and saw 
corneal opacities clear up under the irradiation. 

I have used general light baths in severe cases of phlyctenulosis, 
sclerosing keratitis, tuberculous iridocyclitis and iridocyclitis of un- 
kno\vn origin. I believe they have been of distinct value in clearing 
up these obstinate conditions, and have been encouraged to make 
use of them more frequently. Like foreign protein injections, light 
baths often seem to produce a sudden shower of antibodies in the 
blood, sufficient to start the healing process. Naturally other methods 
of treatment are not neglected in these cases. 


Trachoma. — Lundsgaard* submitted 109 eyes with trachoma to 
treatments wth the Finsen light by much the same technic. He 
reports that many were cured after one or two applications, old cases 
with the disease deep in the lids being among those cured. In some 
cases, more treatments, as many as seven, were necessary. Isaak 
treated 22 eyes in the same way with good results, the follicles often 
disappearing in one week. Mohr and Baum and Chotzen and Kuznit- 
sky used the water-cooled mercury quartz lamp with a special quartz 
applicator the shape of the lid, backed with metal so that the cornea 
was protected. In early cases, the results were much better than when 
the ordinary treatment was used, but in cases with extensive scar 
formation the effect was not deep enough. Marked clearing of the 
pannus was seen in many cases. Lundsgaard later (1918) reports 
that with the Finsen light, the length of treatments need be only 
20 to 30 minutes, and that two treatments often produce healing. 
In my hands treatment of trachoma by irradiation has been disap- 
pointing and I believe it is now seldom employed. 


Serpent Ulcers. — The treatment of serpent ulcers by light was 
begun by Hertel, who used a magnesium light in 26 cases. Two-thirds 
of these cases healed with much slighter scarring than was shown in 
similar cases treated by other methods. Schanz, in 1913, reported on 
the use of a carbon arc and also the quartz lamp, both of which de- 
livered light of short enough wavelength to kill bacteria in the cornea. 
Wffiile his results %Yere good, he did not^believe they surpassed those 


Comparative Results from Use of Lights ‘voimeiil 9 

obtained by other methods, and gave up this form of treatment in 
favor of optochin. 

His arc light Tvith uviol filter and quartz lenses was in its essentials 
much the same as that used by Bir^-Hirschfeld. This author ® has 
been a most enthusiastic advocate of phototherapy for serpent ulcer, 
and considers it the treatment of choice, saying that it brings about 
healing in the shortest time udth the least scar formation. Up to 1924, 
he reported 280 cases treated in the Konigsberg Clinic, uitb 8.5 per 
cent of eyes lost. Hoffmann ® reports on 190 cases treated since then, 
with only 4.6 per cent of eyes lost. Before the use of phototherapy, the 
losses averaged 32 per cent. 

The arc light with uviol filter and quartz lenses was used for treat- 
ments of four to ten minutes, given once or twice a day. Fluorescein 
or rose bengal, 2 per cent, is first instilled into the sac to stain 
the cornea, as these dyes are believed to sensitize bacteria to the 
action of light. Birch-Hirschfeld advises using rose bengal for the 
first treatments, since it has the greatest effect on the organisms, then 
fluorescein, and finally, when there is delay in epithelization, rose ben- 
gal and short applications of light (3 minutes). Some interesting experi- 
mental work has been done by Passow ^ on these “sensitizers.” Ex- 
posing plates inoculated with Staphylococats aureus to the arc light, 
he found that without sensitizers, 120 seconds were required to kill 
the organisms, while when fluorescein was first used, the organisms 
were killed in 30 seconds, and when 2 per cent rose bengal was used, 
in 10 seconds. With a Hammer lamp, which transmits chiefly visible 
rays, and rose bengal, the organisms were killed in 10 seconds, but 
vdthout the rose bengal this light was without any effect. 

JIuch the same results were obtained when organisms were e.xposed 
in fluid of various depths, the Hammer lamp and rose bengal being 
the only combination which could kill organisms in layers 8 mm. deep. 
In pus the arc light with rose bengal was effective only in layers o.i 
mm, thick. In experimental corneal ulcers produced by B. suiscpticus, 
irradiation with the Hammer lamp and rose bengal produced better 
results than the other methods which were tried, and seemed to justify 
the belief that such treatment in serpent ulcer could have a bacterici- 
dal effect. 

Bactericidal E§ect . — Planck states that sensitizers increase the bac- 
tericidal effect of visible rays, but have no effect on ultraviolet rays. 
This opinion seems to be confirmed by Passow’s results, which appar- 
ently depended chiefly on the visible rays. Gilbert reports excellent re- 
sults in serpent ulcer with the Birch-Hirschfeld lamp, which has made 
paracentesis and the cautery unnecessary in his cases. Stock, how- 
who has tried the same light in various conditions, reports no 
E^d results in serpent ulcer. Passow’’s demonstration of the enormous 
eUKl of a very thin opaque layer of pus in diminishing the effect of 
fight would suggest that a bactericidal effect would be verj' difficult 
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to obtain in a serpent ulcer when the bacteria were lodged in the par- 
tially opaque cornea and were covered by a layer of exudate. 

Herpetic Keratitis. — ^In herpetic keratitis, including dendritic 
ulcer and allied conditions, however, the virus affects the superficial 
layers and here, as would be expected, good results are reported by 
phototherapy. Stock reports almost unfailing success in these condi- 
tions, one treatment of five minutes often being sufficient. Peppmiiller 
reports good results in severe cases. Of other forms of keratitis, phlyc- 
tenular keratitis has not usually shown a favorable response to local 
light treatments, while it does usually respond to general treatment. 
Interstitial keratitis has not usually responded well, although Hensen 
reports good results in the avascular form by the use of the air-cooled 
mercury quartz lamp locally for short exposures (one-fourth to one 
minute). Tuberculous keratitis has done well under treatment in the 
hands of Chotzen and Kuznitsky and others. Stock reports one good 
result in rodent ulcer. 

Blepharitis. — Blepharitis which does not respond to the usual 
methods has been treated by Dukc-Elder with the mercury vapor slit- 
lamp with good results, and by Poyales with the carbon arc light. 

Results from Use of Uviol Light. — Fifty-three cases were treated 
by the author with the uviol light. 

Serpent Ulcers. — The few serpent ulcers which were given photo- 
therapy were also given the usual forms of treatment, including ap- 
plications of optochin and trichloracetic acid and delimiting keratot- 
omy. Their course differed in no way from that of other serpent 
ulcers, except that the pain and photophobia were usually relieved for 
some time followng each treatment. In very early serpent ulcers, none 
of which were seen in this series, phototherapy might be effective and 
would cause a minimum of damage to the cornea. Perhaps better results 
would be obtained by employing, as Kubik in a personal communica- 
tion has advised, very long exposures, up to 15 minutes twee a day. 

Corneal Lesions. — The most marked effect of phototherapy was 
seen, as might be expected, in superficial corneal lesions, such as her- 
petic or dendritic ulcers, which tend to spread over much of the cornea 
without involving the deeper layers. Here treatment by strong caustics 
or by paracentesis has, in my experience, been harmful, as apparently 
offering a foothold for the herpes virus on necrotic tissue, and allow- 
ing a deeper involvement of the cauterized areas. Fifteen such cases 
were pven phototherapy, an exposure of three to five minutes being 
given every two days, until the ulcer ceased to stain unth fluorescein. 
Rose bengal or fluorescein was used before treatment in all cases. The 
number of treatments required varied from four or five in mild cases 
to twenty-five in one case which show'ed several recurrences. All cases 
healed with a thin scar allowing useful vision, and although there were 
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recurrences in several, these responded to the same treatment. In most 
cases, the time required for healing was considerably shorter than 
that which would have been expected from the type of ulcer present. 
The most marked effect was seen after the first few treatments, and 
in five cases healing occurred after two to four treatments, with al- 
most negligible scar formation. (In one case, this occurred after one 
treatment.) Later treatments seemed to have less effect. While this 
may be explained by the assumption that the herpes virus was deeper 
seated in these cases, a distinct impression was formed that the cornea 
became tolerant of the light and ceased to be stimulated by it, or that 
the resistance of the virus to light \vas increased. 

In nearly all these cases, the effect of light treatments on the pain 
and photophobia was marked from the first. It seems remarkable that 
a patient suffering from intense photophobia can be made to look 
fixedly at the uviol light for five minutes with very little discomfort, 
and that he will afterwards be able to endure ordinary light much bet- 
ter than before. 

Epithelial Dystrophy. — ^Another condition which would seem es- 
pecially adapted to phototherapy is epithelial dystrophy of the cornea, 
and in the milder forms of this, showing no gross bleb formation, but 
containing, as revealed by the sHtlamp, countless minute areas which 
stain with fluorescein, some good results w'ere obtained. Six such cases 
were treated, and although dionin was also given, they seemed to re- 
spond more rapidly than those given dionin alone. One case healed in 
thirteen days after five treatments, and the tension, which had regis- 
tered 24 Schiotz, decreased to 15. One case, which developed during 
iritis, healed in ten days after seven treatments. 

In one case of the severer form, with some deeper corneal opacities, 
the light treatment was without effect. Two cases of the probably allied 
condition of recurrent corneal erosion, in which large blebs were 
present, were given one to three treatments, but without marked effect, 
and abrasion and bandage were resorted to. No other reports have been 
seen of the treatment of epithelial dystrophy by phototherapy. Recent 
reports by Post and Green indicate a definite beneficial effect of photo- 
therapy in typical epithelial dystrophy. In the apparently very favor- 
able cases, it is impossible to state that the good results were due to 
phototherapy, since some cases respond very well to dionin. Here no 
organisms or virus can be made responsible for the condition, so the 
apparent effect of phototherapy must be due to a stimulation of the 
epithelium. 

Corneal Scar, — Of types of ulcer other than serpent ulcer and 
herpes corneae, a good effect was obtained in two cases of corneal scar 
^ith degeneration and ulceration over the scarred area, which healed 
after three and four treatments respectively. In one case of phlyctenu- 
lar ulcer, the effect was at first good, especially on symptoms, but the 
condition recurred during treatment. In another, no effect was noted. 
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Sclerosing Keratitis. — Because of the favorable reports of Stock 
and others on its use in tuberculosis of the anterior segment, photo- 
therapy was tried in three typical cases of sclerosing keratitis prob- 
ably due to tuberculosis, because of positive tuberculin reactions and 
negative results of a search for other causes. One very severe case did 
not return for more than one treatment. The other two, however, 
showed a quite distinct improvement on phototherapy. In these cases, 
where we do not know whether the tubercle bacillus is present in the 
cornea or sclera, and where a good deal of opaque tissue is opposed 
to the penetration of light, the assumption of a stimulating effect of 
light, producing a dilatation of the capillaries and bringing in a new 
supply of antibodies, seems the only one which wll account for the 
apparently marked improvement. 

Mooren’s Ulcer. — In one case of Mooren’s ulcer, the progress of 
the ulcer stopped during the first three treatments, but then began 
again in spite of further treatments. No effect was observed in two cases 
of extensive corneal erosion, one from lime burn and one from acid. 

Trachomatous Ulceration. — Of the five cases of trachomatous 
ulceration treated, three responded very favorably to phototherapy. 
Two of these cases had resisted all other treatment, and the light ap- 
peared to be the factor which turned the scale in favor of healing. In 
one of these, treatments were given twice daily for three days. 

Blepharitis. — ^The six cases of blepharitis subjected to light treat- 
ment were very severe ones, which had shown no response to yellow 
oxide of mercury, correction of refraction, and systemic treatment. 
Four responded very favorably, after twelve, three, six, and seven 
treatments, respectively. In two an autogenous vaccine was given at 
the same time, but in the other two the light w’as apparently the only 
factor responsible for cure. The uviol light was focused on the same 
area and moved back and forth for the same length of time. \\Tiile 
the results in these cases w’ere apparently very definite, I do not insist 
upon them, as I have found two or three proper treatments with x-ray 
to be as effective, if not more so, in obstinate cases, and this treatment 
is less time-consuming for the patient. 

In using the uviol light, I have never seen any harmful effect on the 
lens or deeper structures, nor has the lesion treated ever been made 
worse by such treatment. 

Results from Use of Mercury Vapor Arc. — ^Twenty-eight cases 
were treated by the mercury vapor arc. In this series two sizes of 
quartz applicators were used in the treatments, one of eight millimeters 
for treating the lids and conjunctiva, and a small one of two and one- 
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half millimeters for small corneal lesions. In later work, the conical 
applicators described later were used. Through fear of causing painful 
light reaction, the dosage first used was small, but it was found that 
45 seconds could be safely used on corneal lesions, repeated, if neces- 
sary, on other areas of the same cornea, two to three minutes to the 
conjunctiva of one lid and fold, and to the whole lash border of each 
eye. The expected symptoms of light ophthalmia did not materialize. 
Only a few patients complained of burning after treatments, and in 
only one case were these symptoms severe enough to cause the treat- 
ments to be discontinued. One patient developed two punctate corneal 
infiltrations after his lids were treated, but these healed in 24 hours. 
The conjunctiva was treated by everting the lid and keeping the cornea 
under the opposite lid. 

The best results were obtained in blepharitis, two cases being prac- 
tically healed after one treatment, and the other much improved. One 
case of dermatitis was entirely relieved of itching after one treatment, 
and the lids became smooth. The reaction around severe deep horde- 
olum seemed to subside rapidly after light treatment and the sty opened 
spontaneously earlier than was expected. One subsided after two treat- 
ments without becoming purulent. Chronic conjunctivitis with blephari- 
tis responded well when light was applied to both the conjunctiva and 
lash border. 

While the Birch-Hirschfeld lamp or Duke-Elder’s mercury vapor 
arc sUtlamp is probably the most effective instrument for applying 
light to corneal ulcers, the ordinary mercury vapor light or an air- 
cooled light with quartz applicators is almost necessary for the treat- 
ment of the conjunctiva and better for treating blepharitis, as larger 
amounts of effective ultraviolet may be delivered over larger areas 
than with the former instruments. I believe the cornea may also be 
treated effectively and safely with the mercury vapor light, by using 
small applicators and directing the light away from the pupil. The 
attachments for the use of this light made for Dr. Coulter of the 
Physical Therapy department, Northwestern University (Fig. 3), are 
convenient for limiting the light to a desired area of cornea or lids, 
the apertures for the cornea varying from 1.5 to 5 mm. in diameter 
and being 3.5 cm. from the light, and the one for the lids and con- 
junctiva being a slit 5 mm. wide and 3 cm. long. With these, the use 
of quartz applicators, which make the amount of light delivered a 
variable quantity, is unnecessary. 

Dosage. — The question of dosage, which is important, depends on 
several factors. When most of this work was done, no satisfactory 
sj’siem of measuring dosage had been arrived at. The time of ex- 
posure for the uviol light recommended by Birch-Hirschfeld was ac- 
cepted, since with this instrument large doses could be given with- 
out producing erythema or corneal erosion, and it was thought that 
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some of the effect was probably due to heat rays and to visible rays 
acting with a sensitizer. With the mercury vapor arc light, experiments 
on the rabbit’s cornea, and cautious clinical use of the light, indicated 
45 seconds for the cornea and two minutes to the lids as a safe dose, 
hlercury vapor arc lamps vary considerably in the amount of light 
delivered, and individual patients also vary in their reaction to given 
amounts. It now seems safest to try out each patient with the lamp to 
be used in order to find the time necessary to give a skin erythema, 



Fio. 3— Coulter’s applicators for ujinR the mercurv vapor arc light. A, corneal appli- 
cators of I s-3-5 mm diameter and holder. B, applicators for treating lids and con- 
junctiva. 


using 75 per cent of this as the initial dose for the cornea, and 75 
cent for each lid border or the conjunctiva of the lid. With a powerful 
light source, such exposures require considerably less time than the 
doses mentioned above. Even these doses may cause moderate reaction 
with marked photophobia, and the feeling of a foreign body persisting 
24 to 36 hours. 


Summary Of Phototherapy 

I. Beneficial effects of phototherapy, especially with ultraviolet 
light, may be explained in four ways: by a direct bactericidal effect, 
by stimulation of the epithelium, by improved nutrition from the 
hyperemia produced, and by an increase in the antibodies of the blood. 

II. General light baths with the mercury vapor arc are of great 
benefit in phlyctenular keratitis and in ocular conditions due to tu- 
berculosis. 

III. Local phototherapy is of benefit in superficial corneal ulcer, 
tuberculosis of the cornea and conjunctiva, and blepharitis. 

IV. Heretic lesions show the most marked effect of such treatment, 
some healing after one or two treatments. 
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V. No marked results were seen in serpent ulcer in this series, but 
the reports of others would seem to justify a trial of such treatment, 
especially in early cases, other forms of treatment not being neglected. 
The leti^ of treatment in these cases ought well be increased to ten 
minutes twice a day. 


Diathermy 

Diathermy, medical and surgical, has not attracted so much atten- 
tion from ophthalmologists as has phototherapy, if one is to judge by 
the relatively small number of reports in the literature. A recent hand- 
book by Monbrun and Casteran “ presents evidence of distinct advan- 
tages for these methods in a number of ophthalmologic conditions. 
These authors point out the danger of generating intense heat near the 
eye and state that it should never be employed for the treatment of 
intra-ocular diseases. Medical diathermy has been shown e.xperimen- 
tally to increase intra-ocular tension and so should never be employed 
in glaucoma. The forms of apparatus commonly employed are not 
suitable for use in ophthalmology, where much weaker currents must 
be utilized. A special milliamperemeter recording currents below 500 
milliamperes is necessary and this current should ordinarily not be 
exceeded, These authors describe (Figs. 4 and 5) a special ebonite 
handle with applicators in the shape of delicate needles, hooks and 
blunt instruments suitable for surgical diathermy about the eye, and 
a set of metal eyecups fitting over the closed lids to be used for a more 
diffuse heat effect (medical diathermy). The lids are controlled by a 
glass lidholder. While some such special equipment for ophthalmic 
work is necessary, this need be neither cumbersome nor expensive, 
and with the precautions mentioned above, certain procedures may 
apparently be carried out very conveniently and with perfect safety. 

Trichiasis. — One condition in which there is no doubt of the efficacy 
and convenience of diathermy is that of trichiasis, where a few lashes 
must be destroyed. The generally used method of electrolysis, while 
effective, required that the current be continued 30 seconds for de- 
struction of each lash follicle, and in spite of careful local anesthesia, 
can seldom be accomplished without some pain of a very unpleasant 
kind, with a tendency for the patient to make involuntary jerking 
movements. Surgical diathermy requires only one second for the de- 
struction of each lash, and after infiltration with novocain the pro- 
cedure is painless. iMoubruw and Casteran advise the use oC a single 
sharp needle, which is inserted in the follicle, as the active electrode, 
the indifferent electrode not being connected. A current of only 150 
milliamperes is used, for one second, and the current is shut off with 
the foot pedal before the needle is removed, as otherwise a spark will 
be produced. If the lash resists gentle traction with the lash forceps, 
the coagulation has not been sufficient and should be repeated. A 



—Diathermy apparatus in box {ot stetiliration. (From Monbrun and Ca 
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number of lashes may be removed in this way at a single sitting, but 
if more than six to eight inturned lashes are present, it will be more 
convenient to perform a plastic operation. The same method may be 
employed for the corneal portion of a pterygium but is more compli- 
cated than surgery. 

Chalazion. — Chalazion of the ordinary type is also more simply at- 
tacked by surgery, but where a small chalazion is present on the free 
lid border, rather a delicate surgical procedure is required with the use 
of a stitch. Here diathermy presents distinct advantages because of the 
slow necrosis produced, with resulting delicate and practically invisible 
scar. Here the ordinary method is employed, with a large indifferent 
electrode under the patient, and a small needle as the active electrode. 
This is passed into the chalazion after infiltration and a current of 
200 to 300 milliamperes is used for one second, this being repeated 
two or three times with the position of the needle slightly changed, 
according to the size of the chalazion. 

Division of Cicatricial Bands of Orbit. — Another use of surgical 
diathermy which seems important, if the experience of these French 
observers is confirmed by others, is the division of cicatricial bands 
of the orbit -which prevent the wearing of an artificial eye. When these 
are divided surgically, adhesions invariably occur, so that free grafts 
of skin or mucous membrane are necessary. On account of the delicate 
and nonretractile scars formed after electrocoagulation, it is claimed 
that such bands may be simply coagulated with a needle-hook, using 
the same method with two electrodes. The bands should not be cut, but 
only sufficient current and traction should be used to turn them w’hite, 
usually two to three seconds of zoo to 300 milliamperes being suffi- 
cient, No sutures or dressings are necessary. A temporary small pros- 
thesis may be worn immediately afterwards and a permanent one made 
after 15 days, when elimination of the necrotic tissue is complete. The 
same procedure may be used for neoplasms of the lids, using the elec- 
trode knife, with the advantage that a “barrage” can be made at the 
periphery by partial coagulation which will prevent the escape of 
tumor cells from the diseased area. In many cases, however, excision 
of the tumor with plastic repair is preferable. 

Large Tumors. — In large tumors requiring evisceration of the 
orbit, surgical diathermy * has long been used, because such coagula- 
tion blocks avenues of extension and may be performed w’hh very lit- 
tle bleeding. For this purpose the use of two active electrodes is advan- 
tageous (see Fig. 6), the indifferent electrode being replaced by a 
branched handle carrying two small electrodes a short distance apart. 
An intense heat is generated only in the zone between these two elec- 
trodes. This allows complete destruction of neoplastic tissue without 
danger of bony necrosis which may occur after using the other meth- 

The term surgical diathernij at nied here is synonymous with Ihc term electro- 

srry u»ed in other chapters 
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ods by which the zone of radiation cannot be so accurately localized. 
A current of slightly over 500 ma. is necessary. Monbrun and Casteran 
recommended that such large growths be destroyed in several sittings. 



Fic. 6, — Diagram of surgical diathetniy with two active electrodes (From Monbrun and 
Casteran.) 


This possibility 0! dividing the operation without fear of causing ex- 
tension is one of the great advantages of the method, as after the 
slough has separated, one can judge the necessity of further interven- 
tion. 

Orbital Cellulitis. — The indications for medical diathermy in dis- 
eases of the eye are by no means well established. Perhaps the only 
condition in which it has advantages is the occasional orbital cellulitis 
which does not localize well enough for incision to be effective. Here 
a large sheet of tin or aluminum is moulded to cover the region which 
is used as the active electrode, the still larger indifferent electrode 
being beneath the patient. It must be remem^red that the larger the 
active electrode, the less heat is generated at any point, so that this 
method avoids a degree of heat dangerous to the eye, provided that 
only 200 to 400 ma. be employed, and the current reduced when- 
ever the heat becomes uncomfortable to the patient. Treatments should 
begin with 5 to 10 minutes and should be increased to not over 25 
minutes, being repeated every two to three days. Marked relief from 
pain may result from such applications in the neuralgia of herpes 
zoster, and Monbrun and Casteran report good results in certain cor- 
neal ulcers, especially those following facial paralysis. It seems best to 
follow their advice not to employ diathermy in intra-ocular diseases, in 
spite of reported good results in relatively small numbers of cases of 
various conditions by Lbffler and Wellisch ® and others. These authors 
employed the method in glaucoma, in which experimental evidence, 
according to the French authors, definitely contra-indicates it. 

the surgical treatment of retinal detachment was shown by 
C * *»*»»hora have employed some form of 

■ : •, • the retinal 
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lation. This is administered either through the exposed sclera by the 
flat or ball-shaped electrodes of Weve, or directly into the choroid by 
the pins of Safar, Walker or Weve, which are forced through the 
sclera under a current of 6o to 75 ma. For surface coagulation of the 
sclera which is often employed with perforating diathermy, a current 
of 150 to 200 ma. is employed, each area being treated for five to six 
seconds. For the detachment operation the apparatus of Walker is 
satisfactory, but others generating higher current for electrosurgery 
may also be employed. 

The use of high frequency currents (electrolysis) has been em- 
ployed for treating retinal detachment by Vogt, Walker and others. 
Very careful localization of the retinal tears is necessary, their edges 
being touched directly with fine needles generating high frequency 
currents of very low amperage, seldom over i to 2 ma. 

Instruments. — It is regrettable that instruments for diathermy are 
not standardized so that a stated dosage will be the same with all 
instruments. On account of variations in voltage and other factors, the 
doses in milliamperes given above will have only a relative value, 
indicating to the physician a very weak or very strong coagulating 
effect desired, from which he must calculate dosage with the machine at 
his disposal. Fortunately the immediate local effect of the electrode on 
the tissue furnishes the best evidence of the total dosage required. 

The number of cases in the private practice of the average ophthal- 
mologist really suitable for diathermy will be too small to warrant 
nis obtaining the full equipment necessary. Such equipment, however, 
IS now available in most modern hospitals and clinics, and the eye de- 
partment of many such institutions could easily obtain the slight addi- 
tional equipment necessary to treat ophthalmologic cases. Hence the 
modern ophthalmologist will wish (o be prepared, so that he may per- 
sonally supervise the use of medical diathermy or employ surgical 
diathermy in the occasional cases where they are definitely indicated. 

The Thermophore 

A device for the accurate application of ordinary heat to lesions 
of the eyes and adne.xa is the thermophore, described some 15 years 
3 go by Shahan. This is an electrically wired unit which may be ad- 
justed to any desired temperature, with metal applicators to fit small 
lesions of various shapes and sizes. Post has recently summarized 
uses, emphasizing especially its effect in deep infiltrations 
of the cornea which are not accessible to antiseptic agents. Here a 
temperature of 63 ” C. (145.4 ° F.) is applied for one minute. Small 
Srunulomas of the free lid border which are probably of the 
same nature as chalazia yield readily to the same treatment, and 
xanthelasmas are sloughed off with a minimal scar following one or 

"u such applications, he states. This instrument is not so widely 

■•oiai 
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used today, apparently, as it was soon after the perfected model 
appeared, and this is probably because the results in serpent ulcer, for 
which it was especially advocated, proved disappointing. 


X-Ray and Radium 

In the use of x-ray and radium, precautions against harmful effects 
on the ocular structures are even more important than in the forms 
of physical therapy previously discussed. The hard roentgen rays pene- 
trate the lids and cornea and are. absorbed in large part by the lens, 
where the resulting reaction has in a number of cases produced cata- 
ract. This has usually followed large doses given for carcinoma of the 
lids or for lupus. Stock reports such a case in which glaucoma also 
developed following one irradiation of no per cent skin erythema 
dose, and another following repeated small doses, A fairly large num- 
ber of other cases have been reported and we now know that small 
repeated doses have a -cumulative effect, and that the lens changes 
may not appear for long periods after the irradiation, often not for 
one and one-half to three years. 

Individuals vary greatly in their susceptibility to x-rays, which 
must be remembered in considering the absence of lens changes ob- 
served by Birch-Hirschfeld after intensive irradiation of animals and 
the statement of Rados and Schlnz that 150 per cent skin erythema 
doses were tolerated by the eye without reaction in their cases. Dam- 
age to the lids and cornea is also possible, the permanent loss of cilia 
being a not uncommon and sometimes necessary result of irradiation 
for carcinomas of the lids. Stock quotes, besides his own, several cases 
of glaucoma apparently resulting from x-rays. 

^Vhe^e the lids or orbit are to be treated, the globe should always 
be protected. Stock advises the use of Muller’s lead-glass prostheses, 
which cover the corneas like artificial eyes. I have been informed, 
however, by roentgenologic colleagues, that the amount of lead in 
these prostheses is insufficient for protection, and have used sheets of 
leadfoil moulded in the same manner. The glass reform eye filled with 
mercury which was used by Rohrschneider gives a layer of mer- 
cury ample for protection, and is comfortably worn (Fig. 7)- I’*’®' 
tection of the globe is not possible when neoplasms of the cornea or 
bulbar conjunctiva are treated, and hence surgery is more practical 
for these when possible. Small carcinomas of the lids, also, when seen 
early, may usually be excised completely with primary plastic closure 
of the defect, the cosmetic effect being as good and the time consumed 
much less than is required for irradiation. A recent patient with car- 
cinoma in the middle of the lower lid chose radium treatments in- 
stead of surgery, and i$ apparently cured, but \vith a resulting defect 
involving half the lid which is at least twice as extensive as the area 
w'hich would have been removed surgically, and will be twice as 
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difficult to close. When neoplasms involve the inner or outer angle, 
however, or are adherent to the bony orbit, remov-al presents a much 
more difficult problem and here radium or x-ray is definitely indi- 
cated. Large orbital neoplasms adherent to the orbital walls are often 
treated by evisceration of the orbit, followed by radium or x-ray. 
Regaud and associates have shown that such previous surgery in- 
creases the danger of bony necrosis from subsequent irradiation, and 
claim better results in cases where no surgery has been attempted. 
In treating such conditions, large amounts of radium or modern x-ray 





Fic. 7.--ProtectI\e refonn eye holding mercury (Made by Matrer and Gougelman after 
Rohrschneider ) 

equipment are necessary and they should be undertaken only by men 
who have had a great deal of experience in the treatment of malig- 
nancy. Whether surgical diathermy should replace irradiation in many 
of these cases cannot yet be decided. 

Advantages of Radium and X-Rays. — Kumer and Sallmann " 
have summarized the respective advantages of radium and x-rays. 
The rays of radium are much more penetrating than x-rays, lo cm. 
of lead being necessary to absorb the former, as against 3 to 5 mm. 
of lead for the latter. While it is thus more difficult to protect 
the globe against radium, the small tubes of radium or its emanations 
ni^ be so placed as to exert most of their effect on the new growth 
2nd little on the eye, and hence radium is to be preferred for small 
umors of the lids. It may be inserted into large orbital tumors in the 
_orm of radium needles, or as seeds of the emanation which are left 
^“^or till their activity is exhausted. In these ways every part 
of reached, and the danger to the globe, the function 

which is in any case usually doomed, need not be considered. Cer- 
>n neoplasms are more sensitive to radium than to roentgen rays. In 
va f covering large areas of skin, however, x-rays have the ad- 
ntage of covering the whole area uniformly and since the rest of the 
Jn and the globe may be protected by lead, the irradiation may be 

40l>| 
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Fw 8.— Wax prosthesis tiilh lead filters for irradiation wjth radium at 3 cm. (From 
Kumer and Satimann ) 
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before and two >e3r5 after radium treatment. (From Kumer and 
Sallmann ) 
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better than can be obtained with surgery, and often almost perfect 
(Fig. 9). The earlier these cases are treated, the more readily do 
they respond, since the young vessels are especially sensitive to 
radium. Nevus flammeus, large blood cysts or hemangiomas supplied 
by large vessels do not yield so readily and some of these are better 
treated surgically. Xanthelasmas are usually easy to remove surgi- 
cally, with practically invisible scars, and it is only in the case of un- 
usually large ones that radiation will be considered. In spite of the 
favorable reports of many authors, Kumer and Sallmann consider 
them as not especially adapted to radium therapy. Carcinomas and 
sarcomas of the lids require no special discussion here, aside from 
what has been said as to the types suitable for irradiation (Fig. 
10). Detailed case reports, with indications for and against roentgen 



Fio. 10 — Carcinoma of the inner cantbus before and 3 months after curettage 
radium treatment. (Kumer and Sallmanit ) 


and radium therapy, will be found in the monographs of Kumer and 
Sallmann and of Stock, and in the article of Regaud and associates, 
previously referred to. 

Blepiiaritis. — Among the ophthalmologic conditions in which roent- 
gen therapy is especially useful is blepharitis of the more severe type 
which has proved refractory to the usual methods. Here two or 
three x-ray treatments will often entirely relieve a condition of years’ 
standing. A technic for which I am indebted to Dr. J. Borghoff, of 
Omaha, Neb., has proved effective with ray patients and has produced 
no harmful effects. The rest of the lids being protected by lead foil, 
the lid borders are exposed to a current of three milliamperes, with 



Chapter 231 O' 
Volume IlJ 


X-Ray and Radium 

six-inch spark gap, at eight inches* distance, for 40 seconds to one 
minute. This is repeated weekly and usually three treatments are 
given. This is from one-fifth to one-half of the epilation dose. Other 
authors advise one-third of a skin dose as a routine for this condition. 
The lashes have never been lost, even temporarily, in my cases. The 
same method of treatment is used for cases of chronic dermatitis of 
the lids and is equally effective. The smaller of these doses is usually 
sufficient for this condition. 

Pituitary Tumors. — The treatment of pituitary tumors is of espe- 
cial interest to ophthalmologists, and here the question of irradiation 
often comes up. The adenoma is the only form of pituitary tumor 
that is responsive to irradiation, this treatment being of no effect 
in the Rathke’s pouch t5T)e of tumor or in cystic tumors, and 
of little effect in meningiomas. Where these latter types can be 
ruled out, a trial of irradiation may be made. In some cases, such 
a trial may give diagnostic evidence as to the type of tumor, and 
in cases in which the patient refuses operation, a trial of irradiation 
is indicated unless a Rathke’s pouch tumor can be definitely 
diagnosed. Roentgen therapy is usually the only method of irradiation 
to be considered, since radium therapy cannot be directed to the 
site of the tumor without producing incalculable damage to the 
surrounding important structures. Only in the case of a tumor which 
has eroded the floor of the sella turcica, or where sellar decompres- 
sion has been done, may radium be used through the sphenoid region 
in addition to roentgen therapy. The technic, as used on my patients 
by Dr, A. F. Tyler, is as follows: 


Voltage 13s K.V. 

Distance 40 cm. 

Filter S mm copper 

-Amperage S ma. 

Time 40 min. 


Such a treatment was given to each temporal area, with the tube 
directed to the sella turcica, a week being allowed between the treat- 
ments. After a month or more the treatment may be repeated. 

In cases which show further visual loss in spite of this treatment, 
no time should be lost in resorting to surgery. 

Br.mn Tumors, — In the case of brain tumors which are inoperable 
and are damaging the vision in spite of decompression, a trial of 
(leep roentgenotherapy may be made with the possibility that the 
tumor’s growth may be checked or that the resulting atrophy of 
the choroidal ple.xus will diminish the pressure from an internal 
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hydrocephalus. A form of dosage for this, also furnished by Dr. Tyler, 
follows: 

Voltage 200 K.V. 

Distance 50 cm. 

Filter 0.75 mm. copper, 

I mm. aluminum 

Amperage 4 ma. 

Time 100 to 200 min. 


This dosage is divided between two lateral areas and is estimated 
for each case by the modified Dessauer charts. 


Intra-ocular Diseases. — The use of roentgen therapy for intra- 
ocular diseases, especially tuberculous iridocyclitis and choroiditis, 
must be considered as still in the experimental stage. Since the lens 
cannot be protected in such treatments, there is always some danger 
of producing cataract, although this has been avoided in most cases 
by the use of small doses. Scheerer and Stock, after trying larger and 
smaller doses, settled upon 15 to 20 per cent erythema dose, repeated 
after seven weeks, as the most effective dosage which could be safely 
used. The long interval is advisable to avoid the secondary reaction 
which often occurs after four weeks. Stock advises no more than a 
total of 60 per cent erythema dose in a year, divided into three or 
four applications. Stock and Scheerer, out of 38 cases, report some 
good results in very severe cases. The use of three-fourths 
erythema dose given during three weeks as advised by Gilbert, ac- 
cording to Stock’s experience would seem to be too large, and with 
that of Braun and Herrenheiser, one-sixth to one-eighth skin dose, 
the interval of seven days is apparently not long enough to avoid a 
cumulative effect. These authors report three cases of tuberculous 
choroiditis treated with good results, but Stock has seen similar cases 
develop fresh lesions during treatment and considers the effect of the 
treatment in their cases as doubtful. Although, in the severe cases of 
tuberculous uveitis and sclerosing keratitis which have resisted other 
treatment, a trial of small doses of x-ray is apparently indicated, 
its use in ordinary iritis, as advised by Horvath, is certainly not nec- 
essary, as other perfectly safe methods are usually effective in these 
cases. 


Vernal Conjunctivitis. — ^A very definite indication for the use 
of radium exists in the still little understood condition of vernal con- 
junctivitis. A number of these cases are relieved of their symptoms 
by adrenalin, by intravenous injections of afenil, or by desensitization 
to some specific protein. Others, however, are not so relieved, espe- 
cially the cases with large flat papillae of the upper lid, and these 
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X-Ray and Radium 

cases should be given an opportunity to try radium therapy, as many 
are relieved only by this means. I have used the technic recommended 
by Dr. Laura Lane of the Todd Memorial Institute, and in three very 
obstinate cases have seen almost entire relief from symptoms, with dis- 
appearance of most, if not all, of the papillae and their replacement 
by smooth scar tissue. Radium is much to be preferred to x-ray in 
these cases, the latter not having, apparently, the same effect on the 
condition. Loss of lashes has not occurred, in my experience, when the 
following technic, kindly furnished by Dr. Lane, was adhered to. 

Method . — In the palpebral form the following method of using 
radium in vernal conjunctivitis has proved effective. 

Amount: 15 to 20 milligrams of element or the same number of 
millicuries of radon are used with the follow’ing screening: 

Platinum 005 mm. 

Brass x.oo mm. 

Rubber i.oo mm. 


The platinum may be used as the casing or cover of the element 
contained in a needle form or as the screen of a radon tube. This 
platinum container is placed in a brass capsule and the whole is cov- 
ered with rubber or dental dam. 

Distance: This tube is placed at one centimeter distance from the 
closed lids. A piece of Columbian paste or gauze is placed between 
the tube and the lids to keep the radium at the proper distance. 

Duration of Exposure: The duration of the e.xposure is from one- 
half to one hour, according to the age of the patient and the severity 
of the disease as well as the amount of radium used. The first dose 
is usually applied for only half an hour in order to judge somewhat 
the sensitivity of the patient. 

Interval: The sitting Is not repeated under 10 to 14 days, according 
to the response obtained and the severity and the duration of the 
disease. Three to four such sittings are given. It is often necessary 
to lengthen the interval between sittings to three weeks. 

Direct Application: At the time of the above sitting, in addition 
to the radium applied through the closed lid, a direct application to 
the everted lid is made. No screen is used other than the platinum. 
The amount of radium used is preferably a 15 mg. platinum needle. 
This is sterilized by placing it for a few minutes in a 10 per cent forma- 
lin solution, followed by 70 per cent alcohol and then by sterile water 
which is wiped off with sterile gauze. A few drops of a one per cent 
cocaine or butyn solution may be used to make the everting of the lid 
Iks unpleasant. The needle is moved slowly across for three minutes, 
nf a distance of two millimeters. 

Rest Interval: After the third or fourth application, according to 
the response and the severity of the disease, a rest is given for two or 
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more months. Then a similar series of treatments is repeated. The 
interval between these treatments is two weeks. In the more stubborn 
cases which have lasted for years and in those cases subjected to much 
previous caustic treatment, it is well to give a third series some months 
later, particularly later in the winter. 

Operation and Irradiation: When the papillae are very dense and 
cobblestone-like, much time will be gained and a more satisfactory 
response obtained by anesthetizing the palpebral conjunctiva and 
snipping off or rolling the papillae; then applying a five milligram 
varnish applicator plaque, screened with one millimeter of rubber, at 
two millimeter distance, for three to five minutes at a sitting. Sittings 
are repeated at intervals of two weeks for three doses. It is often neces- 
sary to follow this series by one of irradiation through the closed lids. 
The application of the platinum needle by the direct method may be 
used instead of the plaque, the exposures being slightly longer but 
not exceeding lo min. A needle plaque, of one or five milligram needles, 
can be used. 

Hypertrophic Bulbar Form: In the hypertrophic bulbar form of 
vernal conjunctivitis, the use of a lo or 15 mg. platinum needle (0.05) 
for three to five minutes, at two mm. distance once in 10 days for three 
doses, is recommended. A second series of treatments may be given in a 
month using in this series one millimeter of rubber to screen the 
needle. The radium must be kept moving constantly above the area 
being treated so that an even distribution of the rays is obtained. Ex- 
cept in early cases, seen during the first year of the disease, screened 
applications through, the lids will be necessary. 

Quick,^® of the hlemorial Institute, reported the results in 82 caps 
of vernal conjunctivitis treated by irradiation, the largest series which 
I have found on record. His results were good, as 40 cases were 
apparently cured, 25 of these having been seen after one to nine years, 
and 32 were definitely improved. He recommends a technic quite dif- 
ferent from Dr. Lane’s, an “active deposit” of radium emanation 
collected on lead foil, which is placed under the lids. Two hundred 
to 400 millicurie minutes are used for each eye in a treatment, and 
only a few such treatments at relatively short intervals are advised. 
Since the preparation of such “active deposit” is possible only in spe- 
cially equipped institutions, he suggests the use of plaques of the 
element prepared to fit under the lids, with protective metal back and 
handle, the element being held in place by shellac which gives slight 
filtration. He cautions against treatment through the lids, as involving 
danger to the lashes and as requiring the use of harder rays with the 
resulting danger of producing cataract, of which he has seen several 
examples. Local infections of the lid borders must be cleared up as 
irradiation in their presence is likely to be followed by corneal in- 
volvement. Repeated doses over long periods are also dangeroup he 
believes. He concludes that in spite of the good results obtained, 
radium should be reserved for cases in which all other methods have 
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failed, on account of the dangers, especially to the lens, inherent in 
its use. 

Woods has recently described the use of radium emanations, 
tubes delivering almost exclusively beta rays being employed. Such 
preparations are so superficial in their effect and so free from deeper 
rays that, according to Woods, 50 times the erj’thema dose might 
be given without danger of producing cataract. He employs this 
method in vernal conjunctivitis and also in some chronic inflamma- 
tions of the sclera and anterior uveal tract, apparently with success. 
It is especially recommended in tuberculosis of the anterior segment. 
The dosage with this method varies but in general the emanation 
from I Gm. of radium is applied for a total of 35 to 40 seconds, this 
being divided into four to six weekly doses. Such a course may be 
safely repeated after several months. 

Intra-ocular Tuiiors. — In the case of intra-ocular tumors, glioma 
(rctinocystoma) and sarcoma, the hopes aroused during the early days 
of irradiation therapy have only in small part been fulfilled. Here, 
however, the danger of such treatment to an otherwise doomed eye 
need not be considered a contraindication, and since a few definite 
cures have been reported, irradiation must be considered in certain 
cases. Naturally, where only one eye is affected, enucleation is still 
absolutely indicated. It is only in bilateral glioma, especially where 
the second eye is much less involved, or in sarcoma of the only seeing 
eye, where enucleation is decided against by the patient, that irradia- 
tion should be undertaken. In the case of glioma, this should be pre- 
ceded by enucleation of the first eye, unless both eyes are equally 
involved. Of a fair number of gliomas in which irradiation has been 
employed, most have shown a temporary decrease in size of the tumor, 
followed by renewed growth and the usual outcome. Of those treated 
by radium and mesothorium, Kumer and Sallmann record only one, 
that of Schbnberg, in which a cure was obtained with vision of 2/20 
after 10 years, during which a cataract developed and was extracted. 
Schonberg used 144 millicurie hours, followed in six months by 456 
tnillicurie hours, and again, after two years, by 3,036 millicurie hours, 
with filtration for the use of gamma rays To this case must be added 
that of Benedict,” the patient being a child of four with a growth in- 
'■Diving the retina from near the nerve forward almost to the ora serrala 
on one side. Six thousand milligram hours of radium were given, with 
treatments repeated after six months until 90,000 milligram had been 
given. The tumor disappeared, leaving only a flat scar and vision im- 
proved to 6/7. After five years lens opacities developed, reducing vision 
to 6/60, but there was no recurrence. The diagnosis of glioma was con- 
irrned by sections of the enucleated first eye. While dosage must vary 
With individual cases, in general it may be said that gamma rays should 
e employed, and that the method of cross-fire irradiation, with the 
radioactive substance at 2 to 3 cm. from the eye, is to be preferred. 
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One-fifth skin dose daily every second day for six to eight treatments 
is recommended by Kumer and Sallmann, with further treatments 
after two to three weeks as indicated by the result obtained. A num- 
ber of cases of glioma treated by radium have been collected by Stal- 
lard/'^“ whose monograph contains valuable information concerning 
irradiation of other ocular conditions. The methods employed by him 
consisted in inserting radon seeds directly into the tumor through a 
scleral incision or applying them to the sclera directly over the tumor. 
Some encouraging results were reported. 

Roentgen therapy has to its credit only the one definite case of 
Verhoeff and that of di Maraio.^® The diagnosis in Hilgartner’s ap- 
parently favorable case was not made by sections of the first eye. See- 
felder’s case,®® quoted by Kumer and Sallmann as successful, showed 
retrogression of the tumor following 30 H. E. D., but it recurred later. 
In Verhoeff’s case a very small growth in the second eye of a 17- 
months’ old child was treated by a “suberythema dose” repeated eight 
times during a year. Three years later only a small scar was visible 
and vision was about 20/30. No lens opacities developed in this case. 
I was able to examine this patient in Dr. Verhoeff’s clinic, more than 
three years after treatment was begun. In a case reported by di Marzio 
a clinical cure was maintained for four years with preservation of use- 
ful vision by a 200 per cent skin erythema dose divided over several 
treatments. The first eye was enucleated. In another case a similar 
result was obtained but this has been under observation only five 
months. 

Stock advises 180 per cent erythema dose, but this will vary greatly 
with the case. Cataract cannot in most cases be prevented, but this 
should not preclude the giving of effective dosage, and has not af- 
fected the ultimate result in the successful cases, after radium.^ 

Although a number of meianosarcomas of the choroid, occurring in 
the only seeing eye, have been irradiated, in none of these, so far as 
the author knows, can a cure be claimed. R. Foster Moore has re- 
cently reported an interesting case in which radon seeds were intro- 
duced into the tumor through a scleral incision, with resulting marked 
decrease in the size of the tumor and vision 3/60 after one year. It is 
much too soon to speak of a cure in this case, but this method gives, 
perhaps, the best chance of success in these otherwise hopeless cases. 

Irradiation After Enucleation, — Irradiation of the orbit after 
enucleation for glioma or melanosarcoma has long been practiced by 
many ophthalmologists. ^Vhere careful examination of the enucleated 
eye, especially of frozen sections of the orbital end of the nerve in 
glioma, shows evidence of extension into the orbit or past the cut end 
of the nerve, irradiation is positively indicated, usually after eviscera- 
tion of the remaining contents of the orbit. Even where such examina- 
tion shows no extension, some believe it safest to irradiate as a pre- 
caution. The necessity of this is doubtful, however, especially in 
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melanosarcoma, since clinical experience has shown the rarity of local 
recurrence in this condition. Von Hippel, who has studied the subject 
carefully, believes it is sufficient to enucleate in these cases, and Wat- 
zold, who formerly advised postoperative irradiation in every case, 
finds that recurrences fail to appear even in some cases showing evi- 
dence of extension, so that he now joins in von Hippel’s opinion. The 
prevention of metastases by this means is doubtful, as is the preven- 
tion of glioma of the second eye, and since the scar tissue resulting 
from irradiation often makes the wearing of a prosthesis impossible, 
one hesitates to advise its use without more definite evidence of addi- 
tional safety afforded. Where extension has occurred, or where one is 
in doubt, intensive x-ray or radium therapy should be given. Both 
methods have their advocates, and probably both methods should be 
used, radium needles or radon seeds being introduced into the orbit, 
and x-ray in addition. The x-ray will allow the dose of radium to be 
kept small enough to avoid bony necrosis. Where evisceration has been 
done, x-ray alone is to be preferred to avoid this complication. 

^IuLTIPLE Lymphomas. — A condition which is especially sensitive 
to either x-ray or radium therapy is that of multiple lymphomas of 
the orbit. These growths, which are usually symmetrical and form 
puffy swellings of all the lids, fairly melt away under the influence of 
either of these agents, and in case of doubt as to the diagnosis, a 
trial of irradiation should be made. 

Grenz Rays. — A form of irradiation therapy which has been ap- 
plied in ophthalmology is the use of the Grenz rays described by 
Bucky. These are rays of a length between the short ultraviolet and 
the long x-rays, and are absorbed almost entirely in the surface layers 
of the skin and mucous membranes, only 12 per cent penetrating 
deeper than 3 mm. Reports by Krasso from the Jleller Clinic in 
Vienna indicate marked beneficial effects in dendritic keratitis, blepha- 
ritis, rosacea keratitis, superficial corneal ulcers and sclerosing kera- 
titis from this form of treatment. As compared with x-ray and radium, 
the method is very safe, and further reports on its use will be awaited 
^Yith interest. 

Pfeiffer has employed Grenz rays in a large number of ophthal- 
mic diseases and observed encouraging results especially in superficial 
corneal ulcers and in sclerosing keratitis. 

Massage 

Massage is used chiefly in treating three conditions. In corneal ulcer 
the clearing of the corneal scar is probably hastened and promoted 
by gentle massage of the eyeball with a finger held over the closed 
has (Fig. ii). Two per cent yellow oxide of mercury ointment is 
usually used in the conjunctival sac for lubrication and as a mild 
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irritant. The finger moves the lid back and forth over the cornea, 
such massage being kept up for five minutes three times a day. In 
glaucoma it is sometimes possible to keep the tension down to normal, 
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clearing corneal scar. duce intra'Ocular tension. 


especially after a filtering operation which does not produce quite 
enough effect, by massage. This forces fluid out of the eye, either 
through its normal channels, or through a small wound in the sclera 
made at operation, in which case U collects under the conjunctiva to 
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form a small bleb. Such massage should be performed wth the two 
forefingers which hold the eye between them beneath the lids, and 
are alternately pressed in and released so as slightly to indent the 
globe (Fig. 12 ). Just enough pressure should be used so that no pain 
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is caused. Pressure is made and released about thirty times and this 
is repeated two or three times a day. 

In chronic infections of the meibomian glands, fluid accumulates 
in their ducts, and the result is recurrent chalazion or a diffuse thick- 
ening of the lids. Chalazia may often be prevented and the infection 
helped considerably by massage of the lids. This is done, as shown 
in Figure 13, by pressing with the two thumbnails on the skin side of 
the two lids which are held together and away from the globe. Pres- 
sure should include the whole lid border and should be continued until 
fluid ceases to come from the ducts of the glands at the lid border. An- 
other method is to use a glass rod on the conjunctival side of the lid, 
which presses against a finger held on the skin side. 

Muscle Exercises 

In cases of squint of the nonparalytic type and of muscular im- 
balance, various types of exercise are used, most of them having the 
purpose of stimulating the defective fusion sense so that the eyes may 
be used together. In every case of squint the patient must first have a 
careful refraction, under a cycloplegic, and should wear his proper cor- 
rection at all times. This alone, in about half of the cases of convergent 
squint with hyperopia, will correct the defect, and is the most im- 
portant nonsurgical measure which we have against it. The use of 
glasses is seldom effective in divergent squint. If one eye remains 
constantly in the squinting position, an attempt should be made to 
improve its vision by covering the other eye for two hours a day with 
a bandage or close-fitting eye patch. Probably a considerably better 
way is to cover the better eye constantly for periods of several days, 
checking the vision at intervals and persisting in the occlusion as long 
as the vision improves. It is hard to do this where vision is very 
defective, as the child is then helpless and resists such treatment vio- 
lently. Many cases show no improvement on such treatment and it 
IS chiefly in very early cases, at the age of five to si.x, that an increase 
0/ wsron is observed. A trfaf of such occlusion should be made when 
a case is seen early, no matter how defective the vision, though this 
may require considerable trouble and persistence on the part of both 
parents and physician. When a patient is first seen after the age of ten 
or twelve, the prospect of improvement is much less, and after the 
age of sixteen improvement is seldom observed. Where the difference 
m vision of the two eyes is not very great, the use of atropine in the 
good eye for varying periods, which paralyzes its accommodation and 
necessitates the use of the other eye for reading, may be of some 
benefit, but is certainly not so effective as occlusion. 

Fusion Exercises. — Children past the age of six, or unusually co- 
operative younger children, may be suitable for the various tj^pes of 
‘Usion exercises. It is only in certain cases that benefit may be ex- 
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pected from such exercises. The squinting eye must have enough 
vision to see the objects used clearly, usually 20/200 or more, and it 
must be possible for the patient to see the images of both eyes at the 
same time. In many cases of squint the fusion faculty has become so 
defective that the image of the defective eye is suppressed, except 
when the other eye is closed. 

iNSTRuaiENrs. — By the use of prisms, with bases in for divergent 
squint, and out for convergent squint, the images may be brought 
close together, so that they may be seen at the same time. Eventually 
the patient may learn to fuse them into one image. This is facilitated 
by many special instruments. The cheiroscope of Maddox, by the use 
of mirrors, allows the images to be superimposed, no matter what the 
degree of squint, and small pictures or toys may be moved together 
on a board, or drawn, these procedures utilizing the movement of the 
objects to bring them into consciousness, and the simultaneous action 
of the hands and eyes to stimulate fusion. 

The arablyoscope of Worth makes use of movable tubes through 
which pictures are seen and fused by moving the tubes. If the 
tube for the defective eye is held over a bright light, its picture is 
brought more sharply into consciousness. These two instruments are 
suitable for the more marked degrees of squint. In degrees less marked, 
and especially in cases of latent divergent strabismus, where one eye 
diverges only at certain times, the use of the ordinary stereoscope may 
be effective. Special charts are provided for this, such as the Wells and 
Guibor charts made in America, Hamblin’s charts which are used a 
great deal in England, or Sattler’s charts, published by Bergmann in 
Munich. The last are especially useful for small children, as they are 
so made as to give a marked impression of depth, and by changing the 
position of the cards, the relative position in space of certain parts of 
the picture is changed, so that the parent can tell when a child is cor- 
rectly fusing the pictures. The Wells charts, besides using pictures 
which are partly defective, the defect in one being filled in by the 
image of the other, have a series of reading types in which the same 
principle is employed, smaller types being used as the exercises 
progress. 

Muscle Imbalance Exercises. — Such stereoscopic e.xercises may 
be occasionally useful in cases of slight muscle imbalance, or weakness 
of convergence, with symptoms of eyestrain. These cases are usually 
treated by simpler methods than those used in squint, the simplest 
being converging exercises in which the point of a pencil or a dot on a 
card is slowly brought closer to the eyes until double vision occurs, 
and is then held off so that fusion is just possible. It should be possible 
gradually to bring the object nearer to the eyes without diplopia. Such 
exercises should be continued for three to five minutes two or three 
times a day. 
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Another simple method is that of bar-reading, in which a pencil, or 
a ruler i cm, wide, is held halfway between the eyes and the reading 
print in such a way that the letters are seen behind the ruler. This is 
then moved along before the eyes and the print is read behind the 
ruler. The exercise affords a constant stimulus to fusion. 

Instruments. — In muscle imbalance of various types, especially 
vertical imbalance, various instruments, such as the phorometer and 
kratometer, in which prisms of increasing strength are overcome by 
an effort of fusion, have been used. They are expensive and require 
frequent visits to the physician’s office, and for this reason few patients 
will persist in their use long enough to obtain much benefit. The ad- 
vantage of the simple stereoscope is that it may be given to the patient 
for use at home, and the same may be done with the amblyoscope. 

In weakness of convergence, Gould’s method of overcoming prisms 
with bases out may be used to advantage, prisms of increasing strength 
being loaned to the patient, who fixes an object at six inches and then 
backs off from it to a distance of twenty feet or until diplopia occurs. 
The same method can be carried out in other cases of imbalance, as 
described by Berens and Losey. 

Evaluation. — The value of all these methods will depend greatly 
on the intelligence and co-operation of the patient, and it must be said 
that a great many cases will not be benefited. Patients with alterna- 
ing squint, for example, often find it impossible to see both images 
at the same time, in spite of all our optical aids, and in such cases noth- 
ing but surgery will affect the squint. The same is true of marked de- 
grees of squint with very defective vision. A great deal of judgment is 
necessary to avoid putting many of these patients to needless e.xpendi- 
lure of time and money before advising necessary surgery. In the 
case of imbalance, the correction can be made simply by prisms worn 
constantly in the glasses. 

RESUME 

After having reviewed the uses of various forms of physical therapy, 
the following resume of common ocular conditions in which physical 
therapy is employed, with the form of treatment considered best for 
each condition, may help io clarify (he material and facilitate its use 
in practice. To avoid repetition the reader is referred to the preceding 
text for the details of technic. 

„ Diseases of the Lids 

Hordeolum: 

Moist heat, incision. 
t-HALAZION: 

Incision and curettage. 

Electrocoagulation; if on the lid border, 200 to 300 ma. for one 
second. 
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Xantiielasiia: 

Surgery is simplest in most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis : 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray is most effective. 

Trichiasis: 

Electrocoagulation; 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis : 

X-ray is effective in small dosage. 

Carcinoma; 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

• Radium for growth at Hd border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma: 

Radium, especially for capillary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases of the Orbit 

Cellulitis: 

First 24 hours, cold packs. After this, moist heat and incision. 
Medical diathermy, 200 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded in growth. 

Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit. 

Lymphoma: 

Radium in plaques over the lids. X-ray may also be used, but 
is not so effective. 

Diseases of the Conjunctiva 
Acute Conjunctivitis: 

First 24 hours, cold packs; after this, moist or dry heat. 
Chronic JIeico.mitis; 

Massage of the lids. 

Vernal Conjunctivitis; 

Adrenalin locally and calcium systematically should be tried first. 
Where symptoms are not relieved, radium (see p. 26). 
NeopL/\sms op the Bulbar Conjunctiva: 

Surgery. Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium is dangerous here. 
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Diseases of the Cornea 

Serpent Ulcer: 

Local applications, atropine, keratotomy. In early ulcer, photo- 
therapy may be tried, using the carbon arc with uviol filter. 

Herpetic Keratitis (Dendritic Ulcer); 

Phototherapy using carbon arc with uviol filter 8 to lO minutes 
once a day. X-ray — ^30 per cent erythema dose (i to 2 treat- 
ments) . 

Epithelial Dystrophy: 

Phototherapy may be tried. 

Degenerated Corneal Scar with Ulceration: 

Phototherapy as for herpetic keratitis. 

Sclerosing Keratitis: 

Phototherapy using carbon arc with uviol filter 10 minutes every 
two days. X-ray 15 to 20 per cent erythema dose, repeated after 
seven weeks, no more than three or four treatments being given. 

Carcinoma: 

Beta irradiation may be of value. 

Surgery is usually best, followed by careful use of electrocautery 
where the sclera or interior of the eye is involved. If this is 
refused, radium may be tried. 

Phlyctenular Keratitis and Keratoconjunctivitis: 

General treatment and atropine. The use of sun bath or general 
irradiation with the carbon arc or mercury vapor arc is of 
definite value in addition to other treatments. 

Corneal Scars: 

Massage of the cornea and the use of dionin are probably of as 
much value as anything in helping to clear scars. The use of 
iontophoresis has been advised, but its value is questionable. 

Diseases of the Iris and Ciliary Body 

Tuberculous Iritis; 

General treatment and atropine are most important. X-ray as de- 
scribed for sclerosing keratitis may be tried, but is not without 
danger of causing cataract. Hence it is contraindicated in the 
ordinary forms of iritis and other diseases of the iris .and ciliary 
body. Beta irradiation may be of value. 

Diseases of the Choroid: 

Xo form of local physical therapy Is probably effective. In tuber- 
culous choroiditis the use of sun baths or generalized light baths 
with the carbon or mercury vapor arc may be of value. 

Diseases of the Retina 

Glioma Retinae (Retinocystoma): 

Enucleation of the first eye, followed by radium in the orbit if 
there is recurrence. 
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Xanthelasma: 

Surgery is simplest in mret cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis: 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray is most effective. 

Trichiasis: 

Electrocoagulation: 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis: 

X-ray is effective in small dosage. 

Carcinoma: 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

Radium for growth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma: 

Kadium, especially for capiUary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases of the Orcit 

Cellulitis: 

First 24 hours, cold packs. After this, moist heat and mcision. 
Medical diathermy, 200 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded iii growth. 

Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit/ 

Lymphoma: 

Radium in plaques over (he lids. X-ray may also be used, but 
is not so effective. 

Diseases of the Conjunctiva 
Acute Conjunctivitis; 

First 24 hours, cold packs; after this, moist or dry beat. 
Chronic Meibomitis: 

Massage of the lids. 

Vernal Conjunctivitis; 

Adrenalin locally and calcium systematically should be tried first. 
Where symptoms are not relieved, radium (sce p. 26). 
Xf-oplasms of the Buldar Conjunctiva: 

Surgery Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium is dangerous here. 
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If the second eye is .involved, a choice may be offered between 
enucleation and x-ray or radium (see pp. 29, 30). 

Diseases of the Optic Nerve 

Not amenable to physical therapy. ' 

Intracraniae Diseases 

Pituitary Tumor: 

If an adenoma is considered probable, roentgenotherapy may be 
tried, large doses being directed to the sellar region through 
the two temporal regions. 

Where vision fails in spite of one or more treatments, no time 
should be lost in advising surgery. 

Radium is used only where the tumor has eroded the floor of 
the sella, or after sellar decompression has been done. 

Cerebral Tumors: 

When tumor is inoperable or has been only partially removed, 
decompression should be performed if the vision is being dam- 
aged. Deep roentgenotherapy may then be tried (see p. 25)* 

Glaucoma: 

Not amenable to physical therapy, except for the relief of pain 
by heat or cold and the use of massage for promoting filtra- 
tion. X-ray and radium are contraindicated in the presence of 
glaucoma. 

Cataract: 

No form of physical therapy Is indicated. The danger of produc- 
ing cataract is one of the chief reasons for avoiding the use of 
radium and x-ray except where it is necessary and for the care- 
ful protection of the globe when this is possible. 

Diseases of the Muscles 

For the indications for muscle exercises, see p. 33. 
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PHYSICAL THERAPY IN OTOLARYNGOLOGY 
Joseph C. Beck, M.D., and M. Reese Guttman. JI.D. 

Introduction 

The extreme interest in physical therapy that is being manifested 
in general medicine and surgery is also encountered within the realm 
of the otolaryngolopst. The enthusiasm displayed has apparently been 
boundless. Commercial interests have aided in the production of a 
teeming literature in which many unwarranted claims have helped 
popularize this somewhat spectacular form of therapy. Physical agents 
undoubtedly have a decided field of usefulness in the treatment of 
otolaryngologic disease, but in no sense are they a panacea. Many 
wtravagant and irrational claims are found that often display an 
appalling lack of knowledge regarding the basic physics of the various 
energies employed and especially of their effects upon the human 
economy. Physical measures do not, as yet, constitute a system of 
therapeutics that can in any way supersede time-tried and scientifically 
evaluated measures in the treatment of disease and the alleviation of 
suffering. It follows that one must be extremely cautious of dogmatic 
assertions in such a young and as yet unproved branch of medical 
endeavor. The following reflects the views and beliefs of the writers 
as gathered from their experience with the various energies commonly 
employed. 

Otitis Externa 

Otitis externa exists in two well-recognized forms: otitis externa cir- 
cumscripta or a furunculosis of the external auditory canal, and otitis 
externa diffusa which, as the name implies, is a nonlocalizing inflam- 
mation of the external auditory meatus. The offending organism most 
“equently seen in both types is the staphylococcus. The diffuse type is 
‘^fluently seen following trauma, such as scratching of the ear, and 
following an otorrhea due to middle ear suppuration. Not infre- 
quently the extension of a furunculosis of the canal may also result in 
a diffuse external otitis. The diagnosis of these affections is easily made 
by inspecting the externa! auditory meatus, which will be found to be 
^cd and swollen. In the circumscribed form the inflammation will ap- 
pear as a typical acuminate furuncle of which one or more may be 
present. The diffuse form will show as an inflammation that entirely 
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ular, pustular, or papular nature, or any combination of these. The 
otologist most often sees the more or less acute conditions that result 
from the continuous exposure of the skin to an irritating middle ear 
discharge. The diagnosis, as a rule, is not difficult to make, but fre- 
quently the etiologic factor may be hard to determine. The recent at- 
tention that is being given to allergy as a cause should be borne in 
mind. 

Treatment. — In the treatment of eczema the indications are to 
remove the cause and protect the involved area from further irritation. 
The more chronic and indolent lesions require the use of stimulating 
agents, in which case physical therapy in the form of x-ray or ultra- 
violet irradiation may be of benefit. In the treatment of eczema fol- 
lo\ving an otorrhea it is decidedly important not to permit the discharge 
to collect about the meatus. The discharge should be gently wped 
away with a cotton-tipped applicator or toothpick as quickly as it 
forms. The patient should be warned of the dangers of wounding the 
canal during the use of these applicators. In the more chronic types of 
eczema, systemic measures for the regulation of the diet, and avoidance 
of exposure to offending proteins in the allergic types, are of impor- 
tance.^ In those cases in which Assuring and oozing are pronounced, 
calamine lotion or the various dusting powders may be employed. 
Ointments containing zinc oxide or crude coal tar are of especial 
benefit. 

Physical therapy may be of benefit in the subacute and chronic 
forms. Ultraviolet irradiation, given on alternate days, may be effective. 
The first exposure should be for one minute at a distance of ten to 
fifteen inches and the dose should be increased by one-half minute 
until a maximum of five minutes is being used. In the more stubborn 
types that do not respond to local medication and ultraviolet irradi- 
ation, benefit will sometimes be obtained by x-ray therapy. The x-rays 
should be applied in doses of one-fourth skin unit of the unfiUered ray 
at weekly intervals. It is important when using the various types of 
irradiation to cleanse the skin surface thoroughly and dispense with 
the use of any of the skin ointments or medications. It is also well to 
protect the area about the ear by means of cardboard properly cut 
and placed when using ultraviolet irradiation, or by means of heavy 
lead foil when using the x-rays. 


Erysipelas of Auricle 

The practicing otologists see erysipelas of the auricle most fre- 
quently^ as a complication following mastoid surgery. It is also ob- 
served in the aged in conjunction with recurrent attacks about the 
fiead and face. The diagnosis as a rule is not difficult to make. The 
initial chill followed by a rise in temperature and the appearance 
several hours later of the characteristic elevated redness with its line 
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occludes the meatus. In both forms pain on traction of the auricle is 
present and is a pathognomonic sign that serves to distinguish these 
inflammatory conditions from an acute otitis media. 

Treatment. — The treatment should be as conservative as possible. 
Physical therapy in the form of infra-red irradiation is the treatment 
par excellence. A twenty-minute session at least three times a day is 
advisable. In addition one may employ hot moist applications, using 
a saturated solution of magnesium sulphate or boric acid. Aspirin, 
pyramidon, or even codeine may be administered for the pain. One 
should abstain from any irrigation or manipulation of the canal. If 
resolution or spontaneous rupture does not occur, the center of suppu- 
ration may be nicked, but not deeply cut, with a fine bistoury, pro- 
vided, however, that localization and liquefaction have occurred. After 
the incision one should avoid squeezing, mopping, manipulation. 
The use of the infra-red irradiation and the moist compresses should 
be continued after the incision. It should be emphasized that any 
trauma, including extensive incision, before localization has occurred 
has been followed by grave complications and even death. 

Two relatively new measures have been advocated recently for 
both the treatment and the prevention of recurrent otitis externa. One 
is the use of Besredka’s antivirus instilled into the ear several times 
a day. The other is the application of tin ionization to the external 
auditory canal. The technic employed is similar to that used in chronic 
otorrhea. An insulated ear speculum such as is used for zinc ioniza- 
tion for the treatment of middle ear discharge is placed into the canal 
and then a solution of stannoxyl, which is a mixture of tin and tin 
oxide, is instilled into the speculum and the canal. The positive elec- 
trode is attached to the wre in the center of the speculum and the 
negative electrode is held in the hand. The current should be gradually 
turned on until three to five milliamperes are in use. This is permitted 
to act for ten minutes and is repeated on three successive days. Imme- 
diate relief from pain is said to occur. 

Recurrences are not at all infrequent. They may be prevented to 
some extent by warning the patient strictly to avoid the use of matches 
or hairpins within the canal. During the quiescent interval one may 
employ x-ray irradiation to the external canal. Instead of the x-ray, 
an erythema dose of ultraviolet irradiation applied by means of a 
quartz applicator may be tried. The use of Besredka’s antivirus is 
also said to prevent recurrence. 

EczE>rA OF Auricle 

Eczema of the auricle may exist as either an acute or a chronic in- 
flammatory condition of the skin. It is frequently accompanied by 
severe itching and sometimes is associated with a seborrheic derma- 
titis of the scalp or face. The lesion may be of an erythematous, vesic- 
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insist on early and radical surgical removal by clcctrosurgical methods 
and then the use of irradiation as an adjunct. It is well to excise 
the auricle wide of the growth \vith the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one’s security in 
establishing a cure. 

Otomycosis 

Otomycosis or otitis externa parasitica is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus niger or glauctts. It is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes with attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic groAvth will be obtained. 

Treatment. — The treatment consists of the use of exfoliating agents 
in the canal. A lo per cent solution of salicylic acid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pruritus of External Auditory Canal 

This exasperating condition is not infrequently present as a second- 
ary manifestation of some inflammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology in the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this affliction return at frequent intervals suffering from 
an acute inflammatory otitis externa due to traumatizing the canal 
w ith a match, hairpin, or similar object. In a few instances the pruritus 
disappears following the removal of an impacted molar. 

Treatment. — The treatment of the idiopathic type is frequently 
unsatisfactory. Itching secondary to an otorrhea or otomycosis is 
quickly relieved by proper attention to the primary condition. In 
the idiopathic types in which no pathoIog>’ may be seen in the canal, 

is well to perform a thorough search of the trigeminal area for con- 
^'ict or pressure points that might cause pruritus through reflex action. 
Locally calamine lotion containing phenol may be instilled into the 
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of demarcation is a picture that cannot easily be mistaken for any- 
thing else. 

Treatment. — In the treatment the early use of anti-erysipelas serum 
is advocated. Locally one may employ ice compresses of a saturated 
solution of magnesium sulphate. In addition the edge of the spread- 
ing lesion should be painted with contractile collodion. These meas- 
ures may effectively prevent any progression. Recent reports indicate 
that physical therapy may be of benefit in erysipelas. Ultraviolet ir- 
radiation has been advocated and it has been recommended that one 
and one-half erythema dose be applied. With a good lamp this dosage 
may be effected by a 12 to 15 minute exposure at a distance of 100 cm. 

X-ray irradiation has also been utilized with apparently some bene- 
fit. The irradiation should be administered in one exposure, the amount 
being a mild erythema dose, using a filter of two millimeters of alumi- 
num. According to published reports, a marked diminution in the 
symptoms may be expected within 24 hours by the use of either of 
these agents. 

Perichondritis, Chondritis, and Suppuration of Auricde 

These conditions most frequently follow trauma to the auricle, or 
an infection in a hematoma of the auricle. They are also seen as 
complications of severe .external otitis in people that are below par 
physically or afflicted with some debilitating systemic disease, such as 
diabetes. The diagnosis is not at all difficult. Systemic conditions must 
be appropriately dealt with. Locally infra-red irradiation and warm 
moist applications as described for inflammations of the external audi- 
tory meatus are advocated. When suppuration has occurred, incision 
and evacuation of the pus are necessary. It is well to warn the patient 
in advance of the possible shrinkage and deformity of the auricle 
that may follow. 


Malignant Disease of Auricle 

Cardnoma and sarcoma are the most frequent malignant tumors 
of the auricle that are encountered in practice. The diagnosis is def- 
initely established by biopsy of a portion of the growth. In the treat- 
ment, early diagnosis when the lesion is small and well localized and 
without any metastases is essential for a cure. Radium is said to be 
of value in these conditions. If the lesion is a basal cell carcinoma and 
is more or less superficial, and if the underlying cartilage has not been 
involved, the use of about 75 to 150 mg. hr. of radium, with a i-mm. 
platinum and 4-mm. rubber screen, has been advocated. This irradia- 
tion may have to be repeated at inter\’als of one to three months. How- 
ever, we have not been impressed with the results obtained by irradia- 
tion of other types of malignant growths. It has been our practice to 
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insist on early and radical surgical removal by electrosurgkal methods 
and then the use of irradiation as an adjunct. It is well to excise 
the auricle wide of the growth with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one’s security in 
establishing a cure. 

OroMveosis 

Otomycosis or otitis externa parasitica is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus niger or glaucus. It is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes nith attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
bromiish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic groMh will be obtained. 

Treatment. — ^The treatment consists of the use of exfoliating agents 
in the canal. A lo per cent solution of salicylic acid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pruritus of External Auditory Canal 

This exasperating condition is not infrequently present as a second- 
ary manifestation of some inflammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology' in the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this affliction return at frequent intervals suffering from 
3n acute inflammatory otitis externa due lo traumatizing the canal 
a match, hairpin, or similar object. In a few instances the pruritus 
isappears following the removal of an impacted molar. 

treatment of the idiopathic type is frequently 
nsaiisfaclorj’. Itching secondarj’ to an otorrhea or otomycosis is 
proper attention to the primary condition. In 
it ^ in which no pathology may be seen in the canal, 

. ^ perform a thorough search of the trigeminal area for con- 

P^'^^srire points that might cau^e pruritus through reflex action. 
^*ly calamine lotion containing phenol may be instilled into the 
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meatus several times a day. Physical therapy in the form of ultraviolet 
irradiation has been of help. A short irradiation, applied by means 
of a quartz aural applicator, repeated upon three or four successive 
days, may help to alleviate the patient’s distress. The x-ray as de- 
scribed for chronic eczema may also be of help. » 

Herpes Oticus 

Herpes oticus, otitis externa herpetica, or bullous myringitis is a 
condition of the external auditory canal and tympanic membrane 
that is characterized by an eruption of more or less hemorrhagic bullae 
that are, as a rule, surrounded by an inflammatory base. They are most 
frequently seen during an influenza epidemic and are supposedly due 
to an infection of the geniculate ganglion with a filtrable virus. The 



characteristic picture of the bullae and the normal hearing serve to 
differentiate this condition from acute otitis media. 

Treatment. — In the treatment the local use of phenol in glycerin or 
the topical application of metacresylacetale, aided by hot compresses 
of a saturated solution of magnesium sulphate or boric acid, is ad- 
vised. The bullae should not be opened. Physical therapy in the form 
of infra-red irradiation is helpful in relieving the pain. The exposure 
should last for at least 20 min. and be repeated several times a day. 

Otitis Media 

Suppuration of the middle ear is such a common condition that 
little will be mentioned regarding its causation, symptomatology, or 
diagnosis. In the treatment of the early stages the use of hot applica- 
tions and infra-red irradiation may lead to relief of pain and regres- 
sion in a limited number of cases. In addition, drainage of the middle 
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ear via the eustachian tube should be promoted by the use of ephe- 
drine solution ;vithin the nose. If the symptoms persist and bulging 
ensues, a myringotomy should be performed After myringotomy the 
secretion should be aspirated from the canal by the use of capillary 
suction (Fig. i). The hot application and injra-red therapy should be 
continued, and in addition, antiseptic drops may be instilled into the 
meatus. The use of diathermy is contraindicated before the rupture of 
the drum, and after incision it is of little benefit. Mass suction to the 
auditory canal is also to be deprecated as it may cause congestion of 
the parts and, not rarely, prolapse of the tympanic mucosa through 
the perforation. 

Acute Mastoiditis 

This condition presents a picture of an acute middle ear infection 
that has persisted for several weeks and is associated with persistent 
pain, mastoid tenderness, temperature, and loss of hearing. X-ray of 
the affected mastoid may show cloudiness or destruction of the mas- 
toid cell. In the treatment the use of moist applications, radiant heat, 
and capillary suction as advocated for acute otitis media are recom- 
mended. If the symptoms show no tendency to ameliorate, or if 
signs of complications appear, surgery of the mastoid must be consid- 
ered. Medical diathermy is mentioned only to be condemned in such 
conditions. 

Following mastoid surgery, slow healing of the wound is sometimes 
seen. There is generally associated some systemic condition that must 
be corrected. Ultraviolet irradiation to the open wound has been advo- 
cated mth the idea of stimulating the granulation formation and short- 
ening the time for healing. 


Chronic Otitis Media 

This condition is characterized by a chronic infectious process lo- 
cated within the tympanum or its adnexa. Two characteristics are of 
extreme interest to the physical therapist, namely, otorrhea and hard- 
ness of hearing, and these wll be treated as separate subjects. 


Chronic Otorrhea 

Chronic otorrhea should be considered as a manifestation of an 
infectious process within the tympanomastoid and the eustachian 
tube. The infectious process may be restricted to the mucous mem-- 
brane or may affect the underlying bone. Certain complicating path- 
ology may be the cause of the persistence of an otorrhea. Systemic 
diseases, such as tuberculosis and syphilis, may be the offending 
factors. Locally the otorrhea may be aggravated or even caused by 
^ Pathologic condition in the nasal mucosa, the nasal sinuses, or the 
adenoid mass. In addition, local causes within the ear itself must be 
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considered, such as granulations, polypi, caries, cholesteatomas, and 
even malignancies. An otorrhea presupposes a perforation within the 
drumhead. As a rule a central perforation, namely, one that does not 
touch the periphery, has a tendency to heal, while a marginal perfora- 
tion, that is, one that involves the margin, has a tendency towards 
chronicity and the formation of cholesteatoma. The etiologic organ- 
isms are also important factors in the production and maintenance of 
. an aural discharge. Otorrhea following scarlatina, measles, or tuber- 
culosis is notoriously difficult to control. 

Treatment. — In the treatment of otorrhea appropriate attention 
to such complicating pathology as may be located in the adenoids, 
sinuses, or nasal mucosa is of importance. Systemic disease, such as 
syphilis, diabetes, and tuberculosis, must also be properly dealt with. 
The use of generalized ultraviolet irradiation or natural heliotherapy 
is an adjunct that may be utilized with some benefit, especially in 
children that are below par physically. 

The local treatment consists in the strict avoidance of water within 
the ear and the use in its stead of local capillary suction (Fig. i) for 
removing the secretions from the canal and tympanic cavity. Aqueous 
irrigations are best eliminated except under certain circumstances. 
Should irrigation be necessary, it is far better to utilize weak solutions 
of alcohol. For home use one might prescribe antiseptic drops contain- 
ing alcohol or ether in addition to phenol or tincture of iodine. These 
drops may aid both in dehydration and antisepsis. 

Granulations and polypi should receive proper care. Physical meth- 
ods have been widely advocated. As a rule, we have seen little^ or 
no benefit follow the use of local ultraviolet irradiation or medical 
diathermy, in spite of the enormous amount of literature dealing with 
the use of these agents in this condition. The physical measure of 
choice in the treatment of a chronic otorrhea is the use of zinc ioniza- 
tion. However, its use is indicated only in those certain simple types 
of uncomplicated otorrhea with relatively large central perforations. 
Cases of otorrhea due to chronic mastoiditis and cholesteatoma and 
cases with tiny central or peripheral perforations have been benefited 
in only a very small percentage of the cases, if at all. These conditions, 
therefore, contraindicate its use. Its use is also unsuccessful if no atten- 
tion is paid to disturbances in the nasal sinuses or nasopharynx. 

Technic.— Prior to the use of zinc ionization the ear should be 
cleansed of any of its contained secretions by wiping or, better yet, by 
the use of capillary suction. In zinc ionization the patient must lie 
wth the affected ear uppermost and a solution of zinc sulphate, 
one grain to the ounce, should be used to irrigate the ear. An appro- 
priate aural applicator (Fig. 2 ) is then placed in the ear and' the 
positive pole of the galvanic apparatus is connected to the zinc wire 
within the applicator. The negative pole is connected to a moist sponge 
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electrode or piece of lead foil that may be either held in the hand or 
firmly placed anywhere on the body- The current is gradually turned 
on until two to four milliamperes are being utilized. One should be 
guided by the tolerance of the patient and one should be ready to 
decrease the current immediately upon the appearance of a laby- 
rinthian irritation. The current should be permitted to flow from lo 
to 15 min. In many cases one such treatment may be sufficient to 
effect a dry ear. In other cases two to five seances may be necessary. 
In the intervals one may insufflate anhydrous boric powder or one 
of the iodine boric powder combinations. 
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Deafness 

Before undertaking the treatment of deafness in a patient it is 
■absolutely essential to determine the type and, if possible, the cause 
of the auditory impairment. Deafness due to obstruction of the 
external auditory canal by a foreign body, impacted cerumen, or an 
mfiammatory stenosis requires attention to the causative factor. 
Hearing difficulty may also be due to inflammatory processes within 
the tjmipanomastoid and the associated eustachian tube and naso- 
pharynx. The nature of the processes may be varied. The eustachian 
tube may be blocked by an adenoid vegetation or by stenosis within 
ds lumen. Such conditions require appropriate care. The middle ear 
juay be the seat of a serous or purulent e.xudate or of a postinflamma* 
tor>’ adhesive fibrosis. The fluid content must be evacuated, especially 
^hen suppuration is present. 
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' Treatment. — Diathermy. — Medical diathermy should never be 
used in case of an acute suppurative otitis media unless free drainage 
is present, and even under these circumstances its exact value is ques- 
tioned. We have been unable to note any beneficial influence upon 
the middle car suppuration after incision of the drum with the use 
of medical diathermy. 

It was thought that diathermy might ameliorate serous accumula- 
tions within the middle ear. In a small series of cases subjected to 
this form of therapy, no demonstrable improvement could be noticed. 
However, rapid increase of the hearing took place upon paracentesis 
that was followed by inflation. One would, therefore, hesitate to recom- 
mend the employment of medical diathermy for a serous otitis media. 

Chronic adhesive otitis media is one of the prolific causes of hardness 
of hearing. Diathermy has been advocated in this form of hearing de- 



Fig 3 — Active electrode In medical diathermy of the ear. 

crease on the assumption that it could cause the absorption of the 
effusions and softening of the intratympanic exudate and fibrosis. How- 
ever, the critical observer is somewhat skeptical of the ability of the 
relatively small amount of heat caused by medical diathermy to pro- 
duce such remarkable effects upon scar tissue. In actual practice 
such skepticism has been substantiated. In spite of many enthusiastic 
claims to the contrary, we have proved, to our satisfaction at least, 
that diathermy has caused little if any benefit in chronic otitis media. 
In a certain percentage of the cases that receive little benefit by this 
physical measure, some increase in the hearing was obtained by infla- 
tion and those cases that showed no response to inflation did not, as 
a rule, show any benefit after the use of diathermy. 

Otosclerosis was not influenced for the better. Not a single case 
subjected to diathermy showed any change in the hearing. In fact, 
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not a few of the patients complained of some increase in the intensity 
of the accompanying tinnitus. 

Labyrinthian deafness following inflammation or fracture was in 
no way influenced by diathermy. It is inconceivable that any amount 
of heat could cause regeneration of the destroyed neuro-epithelium or 
absorption of the postinflammatory fibrosis. 

For those who may wish to try medical diathermy for deafness or 
tinnitus, the following technic is employed: The active electrode is 
placed over the mastoid region of the affected ear (Fig. 3) and the 
larger indifferent electrode over the opposite cheek (Fig. 4). Placing 
the electrodes in these positions causes the so-called diathermy beam to 
traverse the tympanum, the labyrinth, and the eustachian tube. Three 
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to four treatments a week, each one lasting from 20 to 30 min., have 
been advocated. The strength of the current should be gradually 
increased, and it is only rarely necessary to utilize more than 400 
or 500 ma. 

One may encounter disagreeable effects due to labyrinthian irri- 
tation which, when present, should cause an immediate reduction in 
the amount of the current used. It is well to check the effect of the 
treatment by frequent functional tests and to discontinue the diathermy 
I* no benefit is manifested. Many patients suffering from progressive 
oeafness will believe that they hear better after any type of treatment, 
oven though functional testing may show no improvement. 

X-Ray. — X-rays have been employed in two ways in the treatment 
01 deafness. In one the use of the so-called diminutive dose to stimu- 
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late the pituitary, pineal, thyroid, parathyroid, and thymus glands has 
been advocated. The technic as described consisted of a cross fire via 
the back of the head, through the open mouth, and also through the 
sides of the head. The gratifying results claimed could not be sub- 
stantiated by most people. 

The second method consisted in the use of a so-called sclerolytic 
dose of x-ray to cause a reduction in the lymphoid structures situated 
about the postnasai space and the custach/an tubes. This apparently 
more rational form of therapy may be of some aid in the restoration of 
hearing if the deafness is due to custachian tube blockage by lymphoid 
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Fic. S — Showing working parts of the No. audiometer. (Courtesy of the Western 
Electric Co ) 


tissue. However, it is not as yet an accepted procedure and has been 
discontinued by many. For those that may wish to try it the technic 
as advocated ivill be described. ,, 

The patient should lie on a table and the entire head (except a small 
area about one inch in diameter about the external auditory meatus) 
is protected by heavy lead foil. The exposed area is subjected to 
x-ray irradiaiiort^with the following factors: 5 ma. at 8 kv. (root 
means square) through a r-mm. aluminum filter with the tube at a 
distance of 15 in. for 4*4 min. The other side is then irradiated in the 
same manner. 
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Method of Testing Hearing. — Audiometer. — This newer method 
of testing the hearing has been elaborated during the last several 
years. There are several types of audiometers, but the most popular 
is the one developed by Harvey Fletcher (Fig. s). It consists of a 
thermo-ionic tube circuit in which the tube is placed into oscillation. 
By varying the electrical constants of the circuit, one may make the 
emitted tone assume various pitches which range, in this certain type 
of audiometer, from 64 double vibrations to 8,192 double vibrations. 
A suitable mechanism so calibrated as to record the hearing deficiency 
in a loss of sensation units is incorporated into the circuit for vary- 
ing the intensity of the tone. In using the instrument the hearing 
for each ear is tested separately. The patient places the receiver 
against his ear and the switches are set in contact so that the various 
tones may be produced. The intensity of these tones is gradually 
reduced until the patient can barely perceive them and the loss in 
sensation units is read directly from the instrument and charted 
upon a graph (Figs. 6, 7, 8, 9). In general, certain graphs may be 
more or less characteristic. A conduction type of deafness will show 
a graph in which there is a relatively large hearing loss in the lower 
tones while the upper tones may be uninvolved Nerve deafness will 
show a hearing loss in the upper tones while otosclerosis may show 
a hearing loss that is most pronounced in both the upper and lower 
registers. 

Tinnitus Aurium 

This decidedly harassing condition is one with which the otologist 
is frequently confronted. It should be considered as a symptom and 
not as a definite clinical entity. It may be due to systemic disturb- 
ances, such as variations in the blood pressure, blood dyscrasias, ar- 
teriosclerosis, syphilis, and other organic diseases. Local conditions 
about the ear may also be associated with tinnitus. Impacted cerumen 
or foreign bodies, especially insects, may give rise to this disagreeable 
symptom. Suppurative processes in the middle car and their adhesive 
sequelae may also cause tinnitus. Otosclerosis and labyrinthian dis- 
turbances are attended by tinnitus in most cases, and certain intra- 
cranial conditions, such as acoustical tumors, may also be the cause 
of this symptom. It follows that the treatment must depend first upon 
accurate diagnosis as to the cause of this condition and its proper 
elimination. Diathermy is a physical measure that has been repeatedly 
adv’ocated. Unfortunately, in the authors’ hands it has been attended 
'vith but little success. In fact, in not a few cases the tinnitus was 
ngRravated by the treatment. The technic by which the diathermy is 
2p^plied is similar to that described under middle ear and mastoid 
Incase; that is, the electrodes are used over the mastoid region of the 
3 ccted ear and the opposite cheek respectively. Twenty-minute treat- 
should be repeated at appropriate intervals. In those cases of 
ifinitus associated with hypertension, one may try autocondensation. 
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Tests of Labyrinthian Function. — Caloric Technic. — ^The laby- 
rinth may be tested in the classic manner by douching the ear with 
either hot or cold water. It is customary to use cold water at a tem- 
perature of 20'^ C. (68° R), and to note the time required for the 
production of a nystagmus and the associated symptoms of vertigo, 
nausea, pallor, and sweat. Selective stimulation may be obtained by 
placing the head in a proper position. With the head bent 120“ for- 
ward or 60® backward, the horizontal canal on the irrigated side will 
be affected. With the head bent 30® fonvard, the vertical canals will 
be affected. In the presence of tympanic suppuration or a suspected 
labyrinthian fistula, the irrigation would, of course, be contraindicated. 
In such cases one may employ the galvanic current as a source of 
stimulation. 

Galvanic Technic. — ^The patient must be seated and must look at 
a distant abject. The anode from a galvanic apparatus is held firmly 
in the hand and the cathode is applied to the tragus. The current 
should then be gradually turned on. The normal labyrinth will respond 
to a current of from four to six milUamperes. In case of hyperesthesia 
of the labyrinth, the response may occur with as little as one mil- 
Hampere. In hypofunciion of the labyrinth, a current strength of more 
than six miUiamperes may be required. 

Rhinophyma 

Rhinophyma presents such a characteristic picture that no^ de- 
scription will be attempted. If the lesion is small and well localizech 
it may be entirely destroyed by ctcctrocoagulothn. The larger and 
more extensive growths should be removed b^y careful shaving with a 
razor, such as is used foe the Thiersch graft, until the normal contour 
of the nose is obtained. The profuse bleeding that follows may be con- 
trolled by the use of a fine electrocoagulation current over the bleeding 
surface or by the use of hot packs. 

Furuncle of Nose 

This condition most frequently follows the removal of one of the 
vibrissae from the vestibule of the nose. There results a folliculitis 
about the hair follicle which tends to remain localized. However, if 
the vibnssae are subjected to trauma, such as deep incision or squeez- 
ing. grave complications may occur. The venous channels about the 
site of the furuncle communicate directly with the veins of the o*'b*^ 
via the angular vein and an extension of a thrombophlebitis upwards 
along the anguiaris followng the manipulation of a furuncle may 
produce a cavernous sinus thrombosis with its fatal outcome. 

Treatment. — The treatment consists of the strict avoidance of any 
local m.ampulation Incision is to be condemned Local applications 
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of hot compresses, using a saturated solution of magnesium sulphate 
or boric acid, are recommended. Injra-red irradiations for 20 min. 
several times a day are helpful in. promoting localization and relieving 
the pain. It is far better to permit the furuncle to rupture spon- 
taneously. If symptoms of high fever associated with toxemia appear, 
one must consider ligature of the angular vein high up alongside of 
the nose in order to ward off possible extension of a thrombophlebitis. 
X~ray treatment similar to that employed for carbuncle may also be 
utilized. 

Epistaxis 

Nasal bleeding may be due to a variety of causes, both local and 
systemic. Hypertension, blood dyscrasia, scurvy, sclerosis of the liver, 
and typhoid fever are a few of the general etiologic factors. Locally 
epistaxis may be due to nasal ulceration or malignancy. It is very 
frequently due to the pernicious habit of nose-picking There soon 
results an abrasion of the septal mucosa with subsequent bleeding 
By far the greatest number of cases of epistaxis is caused by a 
telangiectasia in the region of the anterior lower portion of the nasal 
septum, which is known as Little’s or Kiesselbach’s area This bleed- 
ing may, as a rule, be controlled by the topical application of chromic 
acid bead or the use of the golvanocautcry. The bleeding site should 
be anesthetized with a 10 per cent solution of cocaine and the area 
gently touched. When using the galvayxocantery the point should 
never be heated to a wh'te glow as in such cases the cautery tip will 
cut rather than cauterize. 

Radiutn has also been advocated. It Is used to produce an obliterat- 
ing fibrosis of the telangiectatic vessels. The dosage that has been 
described is 75 to 100 mg. hr. of the radium element After proper 
cocainization, a 2S-mg. capsule screened with 0.5 mm. of platinum, 
brass, and gutta-percha is placed beside the lesion and permitted to 
act for 3 or 4 hrs. If necessary, a similar application may be re- 
peated from 4 to 6 weeks later. The exact value of this procedure 
has not as yet been definitely determined. Electrocoagulation has 
been advocated in this region for the purpose of destroying these 
Vessels. Extreme caution is advisable in the use of this powerful 
agent since not a few cases of septal perforation have followed its 
use. The golvanocautcry is recommended in preference to electro- 
coagulation. 

Acute Rhinosinusitis 

This condition is characterized by acute inflammation of the mucous 
membrane of the nose. In practically every rhinitis or “cold” the 
involved at the same time The symptoms are well known. 

. L y sensation, malaise, nasal blockage and discharge, together 

n a more or less severe headache, are the usual complaints. Upon 
nspection the turbinals are swollen and edematous, preventing a good 
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inspection of the deeper parts. In addition the mucopurulent dis- 
charge is present. An x-ray taken at this time may show a slight hazi- 
ness or even distinct cloudiness of the paranasal sinuses. 

Treatment. — In the treatment, systemic measures may be of de- 
cided use. A hot bath followed by a glass of hot lemonade and the 
exhibition of empirin compound are measures that may promote free 
sudoresis. Liquids should be forced, and measures should be taken to 
evacuate the bowels. Locally the nose should be treated by instilling a 
three per cent aqueous solution of ephedrine by means of a dropper or 
an atomizer. The resultant shrinkage of the nasal mucosa >vill promote 
ventilation and drainage of the sinuses. Ephedrine is best used at four- 
hour intervals. Between treatments, mild silver antiseptics, such as 



Fic. 10. — Illustration showing Bruenning’s electric head cabinet in use 


argyrol or neosilvol, may be dropped into the nose. Physical measures 
may be of aid. Capillary suction, for which a nasal suction tip is used 
(Fig. i), is frequently of aid in removing the secretions from the nose. 
Infra-red irradiations over the face and sinus areas may also be of 
help. Twenty-minute exposures several times a day are advocated. 
During the exposure the eye should be covered with moistened gauze. 
One may also employ the Bruenning electric head cabinet (Fig lo) for 
a similar purpose. The cabinet is constructed so as to fit about the 
head. On the inside are electric light bulbs which are the source of the 
heat. Results obtained by the use of the Bruenning cabinet are in no 
way superior to those obtained with the customary type of therapeutic 
heat lamp. Diathermy, while advocated, has not proved of much bene- 
fit in these conditions. 

In children general body irradiation with ultraviolet rays is said 
to prevent recurrent attacks of rhinitis. 
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Chronic Hypertrophic Rhinitis 

This condition is the familiar “catarrh” that the rhinologist is fre- 
quently confronted with. There exists a state of chronic turgescence 
or hypertrophy of the nasal mucosa, especially about the inferior 
turbinate. Repeated colds and dietary deficiency may have something 
to do Avith its production. Sinus pathology is frequently associated 
with it and may be the basic cause. The most pronounced symptoms 
manifested are impairment of nasal respiration and nasal discharge. 

Treatment. — In the treatment of this condition any systemic dis- 
ease or dietary deficiency should receive adequate consideration. The 
paranasal sinuses require investigation and treatment if at fault. 
Local measures applied to the nose, such as shrinkage wth ephedrine 
and the use of the Dowling argyrol packs, may be of service. 

Physical measures have also been advocated. Medical diathermy 
has been of little or no benefit, in our hands, at least, ^\^len a large 
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bulbous inferior turbinate is the cause of the difficulty in respiration, 
It may be reduced in some instances by (he use of the galvanocaxitery, 
A special nasal cautery tip ( Fig. 1 1 ) is heated to a bright red and the 
mucosa of the turbinal seared after proper anesthesia has been ef- 
fected. It is well to place two parallel sears along the entire length 
of the medial aspect of the turbinate, as well as one under its inferior 
aspect. After the cautery one might lake the precaution to insert a 
piece of wax paper sterilized by immersion in bichloride or alcohol be- 
tR’een (he turbinate and the septum in order to prevent the formation 
of a synechia. 

Intramural Electrocoagulation of TuRniNATES. — One of the 
authors has recently elaborated a method of electrocoagulation of 
the turbinal to be used in place of the cautery. The cautery has the 
disadvantage of being followed by a marked reaction and by the for- 
joation of crusts and sometimes of adhesions. Secondary hemorrhage 
*s also not unknown. The method advocated has none of these disad- 
antages. A special needle electrode (Fig. is), made by insulating a 
dng surgical needle with a special bakelite compound within a milH- 
point, is used. The needle electrode is fitted into one of 
e customary handles and connected to a diathermy machine. In use 
is inserted into the head of the inferior turbinate and carried 
°hg the medial aspect of the bone towards the posterior extremity 
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of the turbinal (Fig. 13) ; then, by means of a foot switch, the current 
is turned on and the needle is slowly withdrawn. One may also inter- 
rupt the current at varying intervals. Two such coagulations are placed 
within the turbinal along its medial aspect, and one coagulation, along 
its inferior aspect (Fig, 14). Before the needle is used on the patient, 
the strength of the current is adjusted by trying it on a piece of beef. 
The proper current is found when one is able to produce an area of 
coagulation of about one or two millimeters around the needle point. 
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Fic. 13 — Course of the turbinal electrode vrithin the body of the inferior turbinate. 

While many gratifying results have been obtained, the use of 
this method has not been observed sufficiently long ior its value 
to be definitely ascertained. The danger of infection within the cavern- 
ous tissue or of osteomyelitis of the turbinal bone, due to destruction 
of the periosteum, has not been lost sight of, but as yet has not 0^ 
curred. Theoretically any infection introduced with the needle should 
have been destroyed by the coagjulation and further, the amount of 
periosteum that may be involved in the coagulation is only about a 
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millimeter in extent so that the slight loss of the nourishing mem- 
brane may not be of practical importance. 

Zinc Ionization. — Zinc ionization has also been advocated as a 
measure that may decrease the discharge and relieve obstruction. Its 
exact value has not as yet been definitely established, but it is well 
worth a trial. The nose is first cleansed by capillary suction and the 
entire nasal chamber is packed with strips of gauze impregnated with a 
one per cent solution of zinc sulphate. A flexible wire is fixed into the 
packing and connected to the positive terminal of a galvanic appara- 
tus. The negative terminal is suitably applied to the patient’s arm, the 



Kic. Cross section of inferior turbinates, show ins the location of the several streaks 
of electrocoagulation m relation to the penosleum of the turbinate. 

current is then gradually turned on until about lo ma. are being 
utilized, and this is permitted to act from lo to 15 min. while the 
current is slowly decreased. The pack is then removed. The mucosa 
will be found to have a shrunken, grayish appearance. Improvement 
said to manifest itself within a week, although the symptoms some- 
times may be aggravated for a day or two. In obstinate cases the 
procedure should be repeated at weekly intervals. 

Atrophic Rhinitis 

'The clinical picture of fetor rx nasi, associated with the intranasal 
accumulation of greenish crusts and the “roomy” appearance of the 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci-bacillus of Prez and Abel is supposedly the offending 
organism and is found in conjunction with many other organisms, 
especiaily the pseudodfphtheria bacillus. 

In the treatment measures that aid in the removal of crusts are indi* 
Gated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success in the authors* hands. More promising is the use 
of radium. Two 50-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
wth a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

Intumescence of Inferior Turbinal 

This very common condition, which is undoubtedly due to a vaso- 
motor instability, is manifested as an alternating impairment of nasal 
respiration. The turbinal, although engorged, shows little if any 
other change. The condition occurs most frequently in sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or allergic state. The turbinate shrinks 
readily upon the use of ephedrine or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may utilize the 
galvanocauUry, intramural electrocoagulation, or zinc ionization of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Transillumination. — By transiUutnination one can obtain some 
idea as to the extent or size of a sinus, as well as some conception as to 
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the pathologic process that may be found within its confines. The pro- 
cedure consists of passing a strong light through the nasal cavity by 
means of an appropriate transilluminator. The irontal sinuses may be 
illuminated by placing the transilluminator into the superior internal 
aspect of the orbit (Fig. 15), well up against the frontal bone. The 
procedure must, of course, be carried out in a dark room In health the 
entire sinus will show an even red illumination. However, if the sinus 
is absent, or if it contains pus or is lined by a thickened pathologic 
membrane, the illumination will be absent or decreased, depending 
upon the condition. One must always illuminate the opposite sinus 
and use it as a basis of comparison. 

The maxillary sinuses may be tramilhiminatcd by placing the 
transilluminator within the mouth. One must remember to remove all 
artificial dentures. Normally there should be an area of illumination 
about the antral regions, a slightly darkened area over the malar 
process, and above this another illuminated region under the eyes. 
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In addition there is frequently found a red reflex in the pupils. In 
pathologic conditions the illuminated portion will show varied de- 
grees of shadow, depending upon (he degree of pathologic process 
present. One may also place a transilluminator behind the rim of the 
orbit (Fig. 16) and note the presence or absence of illumination within 
the mouth in the region of the palate It is well to remember that in 
early pathologic or atrophic processes of the sinus mucosa, the illu- 
tumalion may approach the normal and also that in well-healed 
membranes the tramilluminction may be decreased and even absent. 
^rattsiUumination should be used only as any other laboratory aid. 
namely, as a means of confirmation in establishing a diagnosis. 

Roentgenograms. — X -raj’s should also be used as an aid in cstab- 
fsmng or confirming the diagnosis; especially since the advent of 
radiopaque oils, we have a means at our command that may give us 
tnmufe details as to the nature of the pathologic membrane lining 

^ J^inuscs. The use of the radiopaque oils is a definite refinement in 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci-bacillus of Prea and Abel is supposedly the offending 
organism and is found in conjunction with many other organisms, 
especially the pseudodiphtheria bacillus. 

In the treatment measures that aid in the removal of crusts are indi- 
cated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success in the authors* hands. More promising is the use 
of radium. Two so-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
with a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

iNTUireSCENCE OP INFERIOR TURBINAL 

This very common condition, which is undoubtedly due to a vaso- 
motor instability, is manifested as an alternating impairment of nasal 
respiration. The turbinal, although engorged, shows little If any 
other change. The condition occurs most frequently in sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or allergic state. The turbinate shrinks 
readily upon the use of ephedrine or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may utilize the 
galvanocautery, intramural electrocoagulation, or zinc ionisation of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Transillumination. — By transUlumination one can obtain some 
idea as to the extent or size of a sinus, as well as some conception as to 
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Capillary Suction. — Various methods of giving aqueous irriga- 
tions have been utilized in the past, but they have been condemned 
except in certain conditions. The deleterious effect of aqueous irriga- 
tion upon the nasal sinus and mucous membrane has been fairly well 
established both by experimental study and clinical observation; there- 
fore we advocate the use of capillary, suction in order to evacuate 
secretions from within the nasal chambers. The source of the vacuum 




rnay be the various power pumps or one of the several tj*pes of water 
suction pumps (Fig. 19). An appropriate handle (Fig. i), such as 
the Beck, is necessarj’. Upon it one may attach relatively large-bore 
nasal suction tips or the fmer-bore aural tijs. One may also attach to 
the handle a trochar that has been introduced into the antrum in order 
to remove the contained secretions. One may likewise employ the large 
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diagnostic technic. By these means definite data regarding the size, 
shape, and position of a sinus can be obtained. Moreover, a clue may 
be found as to the presence or absence of a pathologic process within 
the sinus cavity. The use of the oil is especially helpful in distinguish- 
ing hypertrophic membranes, cysts, tumors, and mucoceles of the 
sinuses. Furthermore, by studying the time interval required by a 
sinus to rid itself of the radiopaque oil, one may obtain some idea 
as to the functional activity of the ciliary mechanism. A normal sinus 
should empty itself within from 72 to 96 hr. Should a longer time be 
required, obstructions to the sinus ostium or pathologic impairment 
of the ciliary membranes must be considered. The radiopaque oil may 
be introduced into the sinuses by means of a suitable trochar or the 
displacement method of Proetz. 

Diagnosis. — Displacement Irrigation. — For diagnosis, one may 
employ lipiodol or bromodol. An x-ray taken with the contrast fluid 
within the sinus i\dll aid in giving information regarding the patho- 
logic status of the sinus membrane as well as the functional activity- 
In therapy one may employ various medicaments to affect the sinus 
membranes. A one-half per cent solution of ephedrine may be used to 
cause shrinkage of the mucosa and a five per cent solution of neo- 
silvol may act as an antiseptic. Besredka’s antivirus may also be used. 

Treatment — ^Displacement Irrigation. — A profound effect has 
been exerted upon roentgenographlc technic and interpretation, and 
to a lesser extent upon the therapy of sinus condition, by Proetz’s con- 
tribution of displacement irrigation. The problem is to introduce into 
a relatively large sinus having a small opening some fluid used 
for either diagnosis or treatment. It is apparent that the fluid can 
replace the air within the sinus only when the latter has been re- 
moved. This may be accomplished by overlaying the sinus opening 
with the fluid and then exerting a negative pressure over the orifice. 
This will cause small bubbles of air to be evacuated from the sinus; 
upon permitting the return of the pressure to normal, the overlying 
fluid will be aspirated into the sinus to take the place of the air.^ 

In actual practice, this is achieved by putting the patient in a 
supine position with the head so placed that the orifice of the sinus 
to be investigated or treated is uppermost. In case of the sphenoid the 
head is put into a pendant position so that the chin and the auditory 
meatus are in the same vertical line. Several cubic centimeters of 
the fluid are then introduced into each nostril (Figs. 17 and 18), a 
small hand bulb being used to evacuate the air. The bulb is com- 
pressed and tightly applied to one nostril, the other being closed, and 
the patient is then instructed to say “K, K, K” several times, thus 
closing the nasal pharynx. At each vocalization, the bulb is permitted 
to expand, thus producing the negative pressure. This procedure 
should be repeated several times. 
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Tuberculosis and Lupus of Nose and Throat 

The lesions are not commonly seen except in tuberculosis centers 
and institutions. In tuberculous ulcerations of the nose, the patient 
will complain of crusting epistaxis and impaired respiration. Intra- 
nasal examination may disclose a typical yellowish ulcer having a 
characteristic nibbled undermined edge. The lesion will most fre- 
quently be found upon the cartilaginous portion of the septum. Lupus 
of the nose is frequently associated with the same lesion of the face 
and nasal alae. Here the patient may also complain of nasal blockage 
and crusting and in addition may have an acrid nasal discharge. Ex- 
amination may show typical “apple jelly” nodules as well as super- 
ficial yellowish ulcerations and rose-colored, raspberry-like granula- 
tions. 

Treatment. — In the treatment the primary tuberculosis must re- 
ceive adequate attention. Generalized body irradiation with the ultra- 
violet ray, or natural heliotherapy, is of help. Locally one may cauter- 
ize the ulcers and granulations with lactic acid or even the galvano- 
cautery. Localized ultraviolet irradiation, especially with the modified 
carbon arc lamp developed by Wesscly, may be of great aid towards 
obtaining a cure. The lesion should be irradiated at intervals of one to 
three days until healing has occurred. The length of the session 
varies. One should start with three minutes’ irradiation and rapidly 
increase the dosage until a lo or 15 minute period is developed. 

Tuberculous ulcerations of the pharynx may be seen to coexist 
with a laryngeal tuberculosis. The patient, as a rule, will complain of 
discomfort in swallowing that may become progressively worse until 
extreme dysphagia is present. Examination of the pharynx will dis- 
close a typical superficial ulceration having a yellowish base and a 
nibbled undermined edge. The lesions may be found upon the pharynx, 
pillars, or tonsils. The treatment is the same as that described for 
lesions within the nose. 

Malignant Tumors of Nasal Sinuses 

Carcinoma and sarcoma are the most frequent types of malignancy 
found in the paranasal sinuses. Although sarcoma appears in the verj’ 
young, it is just as frequently seen in adult life. Carcinoma, how- 
ever, appears in the later decades. The symptoms that are most 
frequently encountered are p.ain and swelling of the cheek, associated 
with nasal discharge of a hemorrhagic character and respiratoiy block- 
age. Encroachment upon the orbit may cau«c a propiosis or deviation 
of (he eyeball The roentgenogram will disclose a blocked-out sinus 
with definite invohement of the surrounding bony wall. Extension up- 
wards, which is especially frequent in ethmoid neoplasms, is often 
followed by meningitis; or dc.ath may be caused by an extensive 
hemorrhage or a terminal cachexia. 
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olive-suction tip to the nose in order to evacuate secretions from the 
sinuses as a means of diagnosis. The glass olive tip is connected to 
the suction apparatus and applied to one nostril, the other nostril 
being closed. The patient is instructed to say “K” several times while 
the suction is acting. Should there be any purulent secretions within 
the sinuses, they may be found after this mass suction in the region 
of the various ostia has been carried out. 

Intranasal Quartz Therapy and Medical Diathermy. — In 
spite of the many enthusiastic reports regarding the use of these two 
agents in the treatment of sinus and nasal disturbances, we have 
found that little, if any, benefit has been derived from them in actual 
practice. General ultraviolet irradiation or natural heliotherapy may be 
of some value in the treatment of sinus disease in children. 

Nasal Polypi 

This rather common rhinologic condition presents such a character- 
istic intranasal picture that it admits of easy diagnosis. The orthodox 
removal with a snare and even the performance of an ethmoidectomy 
do not, as a rule, prevent their recurrence. Several physical meas- 
ures for limiting and preventing reformation of polypi have been 
advocated. 

Treatment. — Galvanocautery and electrocoagulation of the re- 
mains, after the removal of polypi, have been advocated. Undoubtedly 
cicatrization after the use of these agents may prevent or retard the 
reformation of these growths. However, more extensive trial and ob- 
servation will be necessary before these procedures can be accepted 
as safe and effective. The possibility of intracranial complications fol- 
lowing these procedures should be borne in mind. It is well to wait a 
sufficiently long period of time after the surgery has been performed 
before utilizing galvanocautery or electrocoagulation. Only small areas 
should be coagulated at a time and care must be taken to employ 
only minimal amounts of current. 

Radium has also been advocated as a means of preventing or im- 
peding the reformation of polypi after surgical removal. It has been 
stated that the use of radium will cause an inhibition in the activity 
of the nasal mucosa with a decrease in the vascularity by the pro- 
duction of an endarteritis and also with an increase in fibrosis, thus 
preventing the recurrence of polypi. A 50-mg. capsule of radium 
properly screened is applied to the ethmoid region and held in place 
by means of a pack. The radium is permitted to remain in situ from 
two to four hours. If recurrences appear, it is advised that these be 
removed and the radium irradiation repeated. It is stated that any 
recurrences which may appear are of a more fibrous character and 
that there wll be no recurrences after the third irradiation. However, 
we have found recurrences even after four and five treatments. 
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times. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspicious regrowth should be 
subjected to immediate diathermic destruction. If there is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 



Fig jo — Wat cast showing method of appljmj: a radium collar to neck (Courlcs) of 
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screened and left in place for 72 hours. The neck may be irradiated by 
means of a radium collar (Fig. 20), described in the next section, at 

the same time or at some later period. _ 

It must be admitted that the mutilation and disfigurement with 
such radical surgery are ver>’ noticeable, but one may utilize a tem- 
porary pro<itho«i«; to cover the defect. The patient must return at 
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Treatment. — The treatment of malignant tumors of the paranasal 
sinuses is indeed a melancholy chapter in the practice of medicine. 
In general the appearance of metastatic glands in the neck presup- 
poses an inoperable condition. However, recent reports shed some 
encouragement in these cases in which the primary growth has been 
widely removed and the gland-bearing regions of the neck resected 
en bloc or subjected to heavy irradiation therapy. Irradiation with 
x-ray and radium for malignancies has, of course, been enthusiasti- 
cally advocated. The authors’ experience has not been very happy; it 
is better to depend upon thorough radical surgical removal of the 
growth, leaving the wound wide open for observation, and to utilize 
irradiation as a postoperative adjunct. The method of choice is electro- 
surgery. ^ 

In the use of electrocoagulation for nasal malignancies, local anes- 
thesia may be given. However, on account of the extensive surgery 
to be employed, the authors have utilized rectal ether, avertin, or high 
spinal anesthesia. Due to the high percentage of secondary hemor- 
rhage, it is well to perform a preliminary ligation of the external 
carotid upon the affected side. The neck incision should be wide to 
permit investigation of the cervical lymphatics. Should these be af- 
fected, their complete removal cn bloc after the manner of Trotter 
is advocated. In some cases it may be necessary to resect muscles 
and even sacrifice the large vessels on one side of the neck. After the 
neck operation has been terminated, the face operation may be per- 
formed. An appropriate incision over the site of the growth is made 
and the skin is reflected. In ethmoid and sphenoid growths the indsion 
will be along the inner canthus and side of the nose, and in cases of 
malignancy of the antrum the same incision may be curved wide across 
the cheek. The incision may be made with either the cold knife or the 
tissue-cutting current. The limits of the growth should then be estab- 
lished as accurately as possible and an area of electrocoagulation 
thrown about it well into the healthy tissues so as completely to 
circumvallate the neoplasm. 

At this time it would be well to place a pack into the nose to pre- 
vent the entrance of free blood into the nasopharynx. The growth 
should then be coagulated and removed piecemeal by the curette. The 
tumor tissue should be followed to its limit, regardless of anatomic 
considerations. The dura, however, should be properly respected, but 
if the orbit is invaded and the eye affected, it should be sacrificed. 
All necrotic bone should be removed and resection of a small portion 
of healthy tissue about the limits of the growth is advocated wherever 
possible. The entire wound should then be treated with the coagulaN 
ing current and hemostasis should be effected A vaseline gauze pack 
should then be inserted. If the procedure upon the face is of any mag- 
nitude, it is best to perform the sinus and neck operations at different 
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times. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspicious regrowth should be 
subjected to immediate diatkermic destruction, li there Is any question 
regarding the lack of innocence of w'hat is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 



Tic :o— Wax cast showin? method of appl>ins a radium colbr to neck. (Courtesy of 
Dr A ) Larkin ) 

screened and left in place for 72 hours. The neck may be irradiated by 
J^eans of a radium collar (Fig. 20), described in the next section, at 
he same time or at some later pcrit^. 

U must be admitted that the mutilation and disfigurement wth 
such radical surgerj' are vcr>'’ noticeable, but one may utilize a tern- 
P^rarj’ prosthesis to cover the defect. The patient must return at 
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stated intervals for careful observation of the wound. After the cer- 
tainty of a cure is established, the defect may be repaired by a plastic 
proc^ure or by the use of a permanent prosthesis. 

Malignant Tumors op Nasopharynx 

Sarcomas, carcinomas, and lympho-epitheliomas are the most fre- 
quent types of malignant neoplasms that are found within the post- 
nasal space. The sarcomas, while more frequent during early life, may 
be found at all ages. Carcinomas may appear in older individuals. 
The earliest symptoms are nasal blockage, change in voice, and 
sometimes deafness or middle ear suppuration due to the invasion of 
the eustachian tube. Hemorrhages are not infrequent. The extension 
of the growth into the nearby jugular foramen may give rise to the 
syndrome of unilateral paralysis of the palate, pharynx, tongue, larynx, 
sternomastoid, and trapezius muscles. As the growth progresses a 
typical frog-face appearance will be manifested. The dia^osis is, of 
course, definitely established by biopsy and the prognosis is as a rule 
grave, if not altogether hopeless. 

Treatment. — One may attack the neoplasms with surgical dk' 
therrny as noted under nasopharyngeal fibroma. 

Radium emanation may also be used. Gold seeds containing 1.5 
to i millicuries to every cubic centimeter present should be implanted. 
A radium’CoUar should be applied to the neck. This is made by placing 
6 tubes containing twelve and one-baU milligrams of radium three 
centimeters apart and two and one-haU centimeters from the skin 
around the neck (Fig. ro). Proper beta screening must, of course, be 
employed. The collar is then secured by a bandage, which must be 
renewed daily, and the radium permitted to act for four days, thus 
giving a dosage of about 7,200 mg. hr. at a distance of t^YO and one- 
half centimeters. 

However, these measures are but palliative in nature and a fatal 
outcome is the rule. 


Nasopharyngeal Fibsoaia 

This rather tare tumor appears as a sessile growth within the vault 
of the nasopharynx, arising as a rule from the underljdng periosteum. 
It is essentially a tumor of the young, appearing most often between 
the ages of 10 to 15 years. Although histologically benign, fibromas 
may become clinically malignant due to encroachment upon vital 
structures. 

The symptoms are mainly those of nasal obstruction and a peculiar 
change in voice, a rhinolalia obstructiva. The diagnosis may be 
easily established by the use of a postthinoscopic mirror and by pah 
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pation. The tumor must be distinguished, however, from a malignant 
neoplasm. 

Treatment. — The surgical excision is a difficult procedure that is 
fraught with danger. It is best to destroy the growth by the use of 
surgical diathermy. If the neoplasm is small, it may be exposed by 
pulling the soft palate forward by means of two catheters passed 
through the nose. If a larger growth is present, the soft palate may 
have to be split or even an extensive lateral rhinotomy performed in 
order to secure adequate exposure. The coagulation should be effected 
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m several treatments and a pos(na-aI pack must be held in rea/Jiness 
^ ^ hemorrhage. 

Radium emanation has al'o been advocated in the treatment of 
tiasopharjmgeal fibromas. Gold seerls containing r.5 to 2 millicuriM 
be inserted into the growth by means of an appropriate afv 
piicator (Fig. 2s), u>ing one "eed for every square centimeter of 
umor ba*e. The application will have to l/e repealed at certiin 
intervals. ' * 
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■ • Chronic Follicular Pharyngitis 

This condition, which is, frequently seen, consists in the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall. Attention to the primary nasal condition is of 
the utmost importance in the treatment. The individual follicle may 
be destroyed by electrocoagulation with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

Fistulation into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of its formation. These fistulas tend to heal provided 
an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula itsell may be cauterized with 
trichloracetic acid. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic closure involving a sliding mucoperiosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods in the treatment of chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electrothermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying plical overgrowths that are so 
frequently observed after tonsillectomy. It is also a method of choice in 
.removing portions of tonsil that have been left by inexpert removal. 
Surgical diathermy may be utilized in two ways in the eradication of 
tonsillar disease. 
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Radium Therapy. — Radium therapy may be considered in the face 
of definite contraindications to surgery or surgical diathermy. How- 
ever, we question the advisability of enclosing a focus of infection in a 
fibrous scar tissue, as occurs after radium therapy. For those who may 
wsh to utilize radium in chronic tonsillitis, the following technic has 
been used satisfactorily: The tonsils are cocainized with lo per cent 
cocaine applied by a swab and then gold radon seeds containing one or 
1.5 millicuries are implanted for each cubic centimeter of tonsil tissue. 
We have had atrophy occur after using one seed in small tonsils and 
two seeds in large tonsils. 

Tissue-Cutting Current. — ^The tissue-cutting current may be used 
to dissect or enucleate the tonsil. This method, however, presents no 
particular advantages over the ordinary cold scalpel or snare. Al- 
though the current may seal capillary vessels, those of moderate size 
bleed just as readily when cut by the current as when cut during 
the ordinary surgical technic. Secondary hemorrhage is probably more 
frequent. For these reasons we have discontinued the use of this type 
of current in tonsillar surgery. . 

Electrocoagulating Current. — Surgical diathermy may be used by 
employing the electrocoagulating current in the piecemeal removal of 
the tonsils. Small portions of the tonsil may be electrocoagulated, or 
electrodesiccated, at successive sessions. However, this method in the 
inexpert operator’s hands, at least, is open to question. If the operator 
is too timid, he may coagulate only the superficial parts of the tonsil 
and thus seal an infectious process within the crypts. There is also 
danger of the inexpert operator’s going to the other extreme and 
coagulating beyond the confines of the tonsillar capsule. The integrity 
of the pillars and the pharyngeal musculature must be as closely 
respected when using electrocoagulation as when using a knife. More- 
over, postoperative sloughing with dangerous secondary hemorrhage 
is not an infrequent complication. Deep and submerged tonsils may 
be difficult to treat by the coagulating current without endangering the 
surrounding structures We have, therefore, abandoned electrocoagu- 
lation of the tonsils except when faced with certain conditions as men- 
tioned above, and employ it mainly for the destruction of tonsillar 
remnants and plical overgrowths. 

Technic of Electrocoagulation. — Local anesthesia of the tonsils, 
palate, pharynx, and base of the tongue is effected by the use of a lo or 
20 per cent cocaine solution. This solution is repeatedly sprayed or 
swabbed over the area at intervals of three or four minutes. WTien 
anesthesia is complete, the procedure may be started. The patient 
sits in a chair in an upright position and a large indifferent electrode 
IS placed against the back so as to maintain a firm contact. The 
apparatus should have been previously adjusted to deliver a current 
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Chronic Follicular Pharyngitis 

This condition, which is frequently seen, consists in the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall. Attention to the primary nasal condition is of 
the utmost importance in the treatment. The individual follicle may 
be destroyed by electrocoagulation with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

Fistulation into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of its formation. These fistulas tend to heal provided 
. an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula itself may be cauterized with 
trichloracetic acid. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic closure involving a sliding mucoperlosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods in the treatment of chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electrothermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying plical overgrowths that are so 
frequently observed after tonsillectomy. It is also a method of choice in 
.removing portions of tonsil that have been left by inexpert removal. 
Surgical diathermy may be utilized in two ways in the eradication of 
tonsillar disease. 
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away from the pillars With the electrode properly placed, the current 
is turned on by means of a foot switch for several seconds until a defi- 
nite blanched area of two or three miliimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact with one another. 
It must be borne in mind that the final destruction will extend for sev- 
eral millimeters beyond the area of visible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-lying stumps, the 
pillars must be carefully retracted by the insulated retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildly with any antiseptic mouth wash several times a day and to 
return for observation at intervals of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thantis lozenges. Gum containing ocetylsalicylic acid (asper- 
gum) may also be o! aid when chewed. 

The coagulum separates usually within a period of lo days, after 
which another treatment is given. In the subsequent treatments, 
which may number four or five, one must be exceedingly careful to 
respect the integrity of the pillars and underlying pharyngeal muscu- 
lature. These boundaries of safety must not be passed and it is well 
ever to bear in mind that the carotid artery normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the^ 
tonsil, and that in some instances where the artery pursues an aber-' 
rant course, it may be in actual contact with the constrictors of the 
pharynx. That this possibility is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an extensive massive hemorrhage followed the unintentional 
Coagulation of the carotid artery, 

A number of modifications of the simple technic outlined above 
have been advocated at one time or another. Those that depend upon 
the use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor is used instead of the inactive electrode at the 
patient’s back has been receiving a great deal of popularity. The use 
of dcctrodciiccaiion instead of the coagulating current has also been 
advocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — A'-ray irradiation for tonsillar disease has 
fallen more or less into disrepute and is employed only by the occa- 
sional enthusiast. However, for those who may wish to use this method, 
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that will cause an area of two or three millimeters to blanch after 
an interval of one or two seconds. The different types of apparatus 
will,, of course, require individual settings. Roughly speaking, how- 
ever, the proper current will be found when the ammeter shows a 
reading of about three or four hundred milliampercs, with the patient 
in the closed circuit. 



Fic 32 /.-HannaTtn Upobr tonsil tictliode. 



Fic. 23 — Enlargement, showing construction of lip of Harmann bipolar tonsil electrode. 



Fio 24 — Insulated tongue depressor 


Fic, as — ^Insulated tongue retractor. 

A suitable electrode is then selected (Figs. 22, 23). A rubber com- 
pound or insulated tongue depressor and pillar retractor (Figs. 24, 25) 
are utilized to obtain a clear view of the operative field. The electrode 
is inserted into the supratonsiHar fossa to a depth of one or two milli- 
meters. This point 0! entrance must be at least four or five millimeters 
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away from the pillars. With the electrode properly placed, the current 
is turned on by means of a foot switch for several seconds until a defi- 
nite blanched area of two or three millimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact with one another. 
It must be borne in mind that the final destruction will e.'itend for sev- 
eral millimeters beyond the area of \isible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-hang stumps, the 
pillars must be carefully retracted by the insulated* retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildlj' with any antiseptic mouth wash several times a day and to 
return for obser\*ation at interaails of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thantis lozenges. Gum containing acetylsalicj-lic add (asper- 
gum) may also be of aid when chewed. 

‘Hie coaguium separates usually within a period of lo daj*s, after 
which another treatment is given. In the subsequent treatments, 
which may number four or five, one must be e.xce^ingly careful to 
respect the integrity of the pillars and underMng phar>Tigeal muscu- 
lature. These boundaries of safety must not be passed and it is well 
ever to bear In mind that the carotid artery' normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the^ 
tonsil, and that in some instances where the arterj' pursues an aber- 
rant course, it may be in actual contact with the constrictors of the 
pharjmx. That this possibility is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an e.xtensive massive hemorrhage followed the unintentional 
coagulation of the carotid arterj*. 

A number of modifications of the simple technic outlined abo%'e 
have been advocated at one time or another. Those that depend upon 
the use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor is used instead of the inactive electrode at the 
patient’s back has been recehing a great deal of popularity. The use 
of electrodesiccation instead of the coagulating current has also been 
advocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — X-ray irradiation for tonsillar disease has 
f^len more or less into disrepute and is employed only by the occa- 
sional enthusiast. However, for those who may wish to use this method, 
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the technic is described. The patient is made to lie prone upon the 
treatment table with the head turned sharply to one side. The central 
beam is directed to pass into the side of the neck just posterior to 
the jaw. Five milliamperes at loo kv., with a 30 cm, focal spot dis- 
tance, are given for 5 min. through a 3-mm. aluminum filter, using 
a s-cm. lead diaphragm at 15 cm. from the target. Both sides are 
treated at the same time and treatments may be repeated eight times 
at weekly intervals. 


Papillomas of Oropiiarvnx 

Papillomas, which may easily be recognized, are found most fre- 
quently upon the palate tonsillar pillars and the uvula. They may be 
destroyed by resection and electrocoagulation of the base. 

Hyperkeratosis of Pharynx and Tonsils 

This affection is characterized by the formation of small, whitish 
masses upon the tonshs, the lower portion oi the pharynx, and es- 
pecially at the base of the tongue. The removal of one of these masses 
and the examination of it under the microscope will disclose the 
specific offender, the Lcptotkrix buccdts. 

If the affection is localized only to the tonsillar region, removal of 
the tonsils will be followed by a cure. In other portions of the pharynx 
and at the base of the tongue the treatment par excellence is the use of 
the sharp tipped zalvanocautcry or clccirocoagulathn. Each of the 
little specks should be destroyed individually and only a small area 
should be treated at one sitting. After the procedure one may employ 
any of the various antiseptic mouth washes. 

Lingual Varices 

Lingual varices are easily recognized. They may be destroyed by 
using dccirocoagulation. An appropriately bent insulated electrode is 
applied to the enlarged vein and the site of application is controlled by 
the use of the laryngeal mirror while the patient aids by holding his 
tongue with a piece of gauze Great care must be taken not to touch 
the epiglottis accidentally while the current is acting. 

Carcinoma of Tongue 

This fairly common condition is not, as a rule, difficult to diag- 
nose. When it is seen early, and especially when it is located on the 
dorsum or edge of the anterior third of the tongue, it may be amenable 
to destruction by electrocoagulation. 
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The growth should first be circumvallated by a zone of coagulation 
extending w’ell into the healthy tissues. The tumor proper may then be 
destroyed and removed piecemeal. It is probably better to remove too 
much than too little. If the lesion is at all extensive or if it is located in 
the posterior aspects of the organ, it might be well first to ligate the 
lingual artery as a precaution against postoperative hemorrhage. The 
succeeding wound must be carefully watched and any suspicious re- 
growth promptly destroyed. 

In unfavorable cases radium should be used as an adjunct to surgical 
diathermy. In favorable cases radium may be used in the form of gold 
radon implants of 1.5 to 2 millicuries per cubic centimeter of tissue 
irradiating at least 0.5 centimeter beyond the margin The element in 
the form of needles of 0.5 millimeter platinum wall to the extent of 
120 to 160 milligram hours per cubic centimeter may also be used. 
They may be tied together in pairs or sutured in place singly and 
spaced parallel to one another i cm. apart. Heavy irradiation of the 
lymphatic areas of the neck should be given (Figs. 26, 27, 28). A 
radium collar carrying 75 to 100 mg. of radium in six or eight tubes 
may be used. The screen may vary from 0.5 to 1.5 mm. of platinum, 
the distance may be 2.5 cm , and the total dosage may be 7,200 to 
12,000 mg. hr. 


Laryngeal Paralyses 

Various types of laryngeal paralyses due to a diversity of causes 
may be seen by the laryngologist. They manifest themselves by a 
change in the speaking voice that may vary from hoarseness to com- 
plete aphonia. Examination of the larynx may disclose a fixed immo- 
bile cord or one that can make only feeble, lazy attempts at motion. 
The left cord is most frequently involved and may be due to pres- 
sure upon the recurrent laryngeal nerve by aneurysm, mediastinal 
growths and lymphadenopathy, thyroid malignancy, or resection. Bi- 
lateral paralysis of the larynx is observed in bulbar disease and after 
thyroid surgery. Many paralyses are seen in which no definite cause 
can be found after thorough investigation. These cases are often 
manifestations of a peripheral neuritis of the laryngeal nerves. 

Functional or hysterical paralysis is also seen. These cases have 
a characteristic bowed appearance of the vocal cords. In addition, 
corneal and pharyngeal anesthesia, as well as other hysterical stig- 
mas, may be present. 

, treatment, of course, depends upon successfully ascertaining 
e cause and giving it adequate attention. Physical therapy may be 
0 value in hysterical paralysis and paral)rsis due to neuritis. 

In the hysterical form of paralysis, the use of the spectacular high- 
^ to energize one of the glowing vacuum tubes, ap- 

P led about the thyroid region, may be of some value. One may also 
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use more or less painful faradic applications over the laryngeal region. 
Psychotherapy is very important in these types of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

In laryngeal paralysis that k due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit. Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 



Figs i6, 27, and 28— Wax cast showinj; implantaltnn of gold radon sends into a car* 
anoma of the tongue (COurte^ of Dr A j. Larkin.) 



Papillomas of Larynx 


CbapteT 241 on 
Volume llj OS? 


Papillomas of Larynx 

This is frequently an affection of childhood, although by no means 
is it rare in adult life. It is characterized by hoarseness that may 
progress to complete aphonia; dyspnea may occur in the later stages. 
The examination of the larynx will disclose a soft papillary growth 
which by extension may progress until the entire larynx is filled, and 
even the subglottic space and trachea may be involved. The involve- 
ment of the trachea is prone to occur following tracheotomy per- 
formed for the relief of the dyspnea. The diagnosis, as a rule, is easy, 
although in adults biopsy may have to be resorted to in order to rule 
out malignancy. 

In the treatment one must bear in mind that papillomas of child- 
hood tend towards spontaneous cure by the time the youngster reaches 
puberty. Progressive hoarseness and dyspnea are indications for ex- 
posing the larynx with a laryngeal speculum and removing the neo- 
plasms. The base may then be clectrocoagulatcd \vith a fine current 
so adjusted as to produce a coagulation of only a fraction of a milli- 
meter. Following such a procedure one must watch carefully for the 
onset of a laryngeal edema. Diathermy does not always prevent 
recurrences. 

Radixm has also been advocated for the treatment of papilloma 
of the larynx. It should never be applied in more than one-half a skin 
erythema dose, for fear of causing necrosis of the laryngeal cartilage. 
It may be utilized in doses of 400 mg. hr., using a 0.5 mm. platinum 
screen at a distance of 2.5 cm. for every two square inches of skin 
surface. Four to six such portals of entry about the larynx may be used 
and the irradiation may be repeated after an interval of two months. 

It has been stated that irradiation may reduce the growth and prevent 
recurrence. We have never been able to observe the disappearance of , 
the growth follow’ing irradiation. 

In most cases irradiation has little effect on the progress of the 
disease and eventually dyspnea may set in which will require a trache- 
otomy It is well to warn the parents in advance that such a procedure 
may become necessary. In those cases in which the entire larynx is 
filled with the papillary mass, one may resort to the performance of 
a laryngofissure. The entire growth should then be removed and the 
base treated by electrocoagulation. The tracheotomy tube must then 
be put into place for several days 

Papillomatous growths through a tracheotomic fistula may be re- 
moved and the base electrocoagnlated in a similar manner. 

Tuberculosis of Larynx 

This condition is seen, as a rule, as a secondary manifestation of 
a pulmonary lesion. The symptoms consist, in the main, of hoarseness 
associated with pain, especially upon swallowing. The larynx may 
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use more or less painful faradic applications over the laryngeal region. 
Psychotherapy is very important in these t3T>es of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

In laryngeal paralysis that is due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit. Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 



Fig:28 


Gold radon impiaxits ^ \ s/irv" '' 


Fjcs j 6 , j 7, and 28 — ^Wax cast showing implantation of gold radon seeds into a car- 
cinoma of the tongue. (Courtesy of Dr. A J. Larkin.) 
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control the doses. Rawness and irritability call for an immediate 
reduction of the time of exposure or even for a short discontinuance. 

The caiboTi arc and TnaituTy qviaTU lamprs may aho be alibzed 
in the treatment of laryngeal tuberculosis. It is preferable to expose 
the larynx directly with one of the various specula made for the pur- 
pose and then irradiate. The exposures should closely follow those 
advocated in the preceding paragraph. 



Fip 2g — Solar laryngoscope In use tor the treatment of laryngeal tuberci 

X-fay therapy in tuberculous laryn^tis has also been advocated, 
but the results in the authors’ limited experience have been so ques- 
tionable as to cause them to discontinue this method. 

The physical agent that has been a sheet anchor in the past and 
one from which a great deal of benefit may be derived is puncture 
With the galvanocautery. This should not be used in acute lesions of 
the larynx or in patients with a progressive fulminating pulmonary 
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show a varied picture. There may be present only a pale interaryten- 
oid swelling of a papillary nature. Other portions of the larynx 
may have a pale, edematous, infiltrated appearance upon which ulcera- 
tions and pale granulations may be found. The epiglottis may have a 
sausage-like shape and the vocal cords may be characteristically rat 
bitten. In the presence of pulmonary tuberculosis such symptoms are 
easy to diagnose. Syphilis and carcinoma may at times be difficult to 
exclude and may even coexist. The biopsy is necessary to complete 
the diagnosis. 

As with other conditions that are difficult to treat, a large number 
of remedies have been advocated. The pulmonary condition must re- 
ceive adequate attention by the chest expert. In fact, the use of lung 
collapse has effected a decided change in the prognosis of laryngeal 
tuberculosis. Bed rest, fresh air, wholesome food, and proper climatic 
conditions are important factors in the ultimate result. Local therapy 
is important. 

The larynx should be placed at rest by maintaining absolute silence, 
the patient depending upon the use of pencil and pad of paper. Later 
whispering may be pernutted. Pain may be controlled by the use of 
orthoform or anesthesin lozenges before eating. Cocaine should never 
be used. Should the pain become severe or difficult to control, the supe- 
rior laryngeal nerves should be injected with alcohol or even resected. 

Local medication to the larynx may be of help. Chaulmoogra oil 
in a 20 per cent solution may be dropped into the larynx two or 
three times a week. If extensive ulcerations are present, it might be 
well to use lactic acid, starting with a strength of 2 per cent and 
gradually increasing it to 10 per cent. 

Physical measures occupy an important role in the treatment of 
■ laryngeal tuberculosis. Ultraviolet irradiation is of definite benefit, 
especially when associated with proper systemic care. One may use 
the quartz laryngeal applicators or the reflected sunlight. Heliotherapy 
may be utilized by employing the solar laryngoscope (Fig. 29 )> ^ 
device attached to the back of a chair that contains two mirrors 
placed upon a suitable support. One of the mirrors reflects the sun s 
rays into the mouth; from there it is again reflected into the larynx 
by means of a laryngeal mirror, held by the patient. The other mirror 
upon the support is used by the patient as a viewing mechanism that 
permits him properly to reflect the rays into the larynx. The newer 
modifications that use an alloy of aluminum and magnesium in the 
reflecting mirrors are to be preferred. This alloy absorbs a large 
amount of the heat rays and tends to reflect into the larynx a greater 
percentage of the actinic rays than the usual glass mirror. 

The larynx should be exposed, beginning wth one minute a day 
for a week. The irradiation is then gradually increased until ^n- 
minute exposures are being ^ven at the end of several weeks. The 
laryngologist should examine the larynx at appropriate intervals and 
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cartilage. A tracheotomy tube may be left in place to care for post- 
operative edema. The cutting current may also be used in the per- 
formance of a hemilaryngeclomy or total laiyrngectomy, but it has 
little if any advantage over the cold knife, in our hands, at least. 

Radium and the x^ray have been repeatedly advocat^. Our experi- 
ence with irradiation has not been a very happy one, since not a 
single case subjected to such therapy has remained cured. Refinements 
in radium technic may in the future increase the value of this t>pe 
of treatment. In consequence we have adopted the attitude of St. 
Clair Thompson, McKenty, and other laborers in this field, namely, 
that irradiation offers little hope for cure of carcinoma of the larynx 
as compared to early radical surgerj'. One may advocate the use of 
irradiation as a postoperative adjunct, but in the light of our present 
knowledge, our only hope for cure is in the radical extirpation of an 
early and intrinsic lesion. The loss of the speaking voice may be com- 
pensated for by the use of the bucco-osophageal voice or by the use 
of one of the artificial larynges. 

Peroral diathermic destruction of carcinoma of the cord, using one 
of the various means of direct exposure, has been advocated. Unfor- 
tunately in several cases subglottic extensions could not be followed 
and we, as ivell as others, have been forced to abandon this method. 

Laryngeal Stenosis 

This condition is most frequently found in children who have been 
ill uith diphtheria. The use of the intubation tube, high tracheotomy, 
and postdiphtheritic fibrosis all may have a great deal to do with its 
production. The symptoms in the main consist of hoarseness that may 
progress to aphonia and an increasing dyspnea and stridor. In the 
treatment of this condition various plastic operative procedures have 
been advocated. Recently physical therapy in the form of an electri- 
cally heated bougie has been utilized (Fig 31). The bougies, which 
Come in various sizes, may be inserted into the larynx and left in 
place for 15 to 20 min. The amount of heat and the temperature of 
the bougie are regulated by the use of a current control. Successively 
larger bougies are used in succeeding sessions. No anesthetic is re- 
quired, but the child should be securely wrapped in a blanket. Since 
the recorded experience mth this method is small, its exact sphere of 
tisefulness is, as yet, to be realized. 

Carcinoma of the Esophagus 

Carcinoma of the esophagus occurs most frequently at the distal 
portion near the cardia and in the postcricoid re^on. The latter is more 
often seen in women than in men. Both squamous cell carcinomas and 
adenocarcinomas occur. The lesion presents itself most frequently as 
an endo-esophageal mass, but submucous and peri-esophageal growths 
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tuberculosis. It seems to serve best in those cases in which the pul- 
monary pathology is more or less indolent in character. 

The procedure is carried out under local anesthesia. The larynx 
may be cauterized by either the indirect or direct method. In the 
indirect method the patient is instructed to hold his tongue with a 
piece of gauze and the operator inserts a laryngeal mirror into the 
back of the pharynx, thus obtaining a good view of the larynx. The 
cautery point is then heated to a white glow and, under visual control, 
plunged into various areas of ulceration, edemas, or granulations. Not 
more than two or three punctures should be performed at one sitting. 
The arytenoid regions should be carefully avoided in order to prevent 
subsequent fixation of the cord. The cautery should not be repeated 
too often or within too short a period of time. 

In the direct method the larynx may be exposed by a Hasslinger 
or Jackson speculum or even a L3mch-Killian suspension. By means 
of an elongated cautery point the larynx may be appropriately treated. 

We have recently used elcctrocoaguiaiion (Fig. 30) in place of the 
gahanocautcry, but the number of cases is too few and the period of 
observation too short definitely to establish its worth. 
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Carcinoma of Larynx 

This not uncommon disease is characterized by progressive hoarse- 
ness, occurring most frequently in men in the so-called cancer age. 
It is well to note that the lower limit of the cancer age is well below 
30 years The lesion itself may have a varied appearance. It may 
be only a small pearly nodule located upon one of the cords, or it may 
have a polypoid or cauliftower appearance, hlost laryngeal carcinomas 
are squamous cell in type and therefore are highly malignant. The 
diagnosis, as a rule, is not difficult, but frequently one must be able 
to distinguish syphilis or tuberculosis, which are often simulated. In 
many cases a biopsy is necessary in order to establish a diagnosis. 

The treatment of choice, in most hands, at least, is early and radical 
extirpation of the larynx. The situation of a laryngeal carcinoma 
within a cartilaginous box that is only sparsely supplied rvith lym* 
phatlcs offers a very good chance for cure. In the presence of small 
discrete lesions a Jaryngofissure or hemilaryngectomy may be con- 
sidered In the performance of a lar)Oigofissure one may utilize the 
thsu£-cutting current for expiring the interior of the larynx and then 
use the coagulating current ior the destruction of the neoplasm (Fig. 
30). The area of coagulation must extend well into the healthy stru^ 
tures, but due care must be taken in regard to the underlying thyroid 
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PHYSICAL THERAPY IN THORACIC SURGERY 
Carl A. Heddlom, M.D., and Willard Van Hazel, M.D. 

Introduction 

Thoracic surgery is largely a development of the past three decades. 
Asepsis and anesthesia were the prerequisites to the earlier rapid exten- 
sion of abdominal surgery. Amplification of diagnostic methods and 
practical means of preventing serious disturbance of respiration and 
circulation incident to operative pneumothorax were additional pre- 
requisites to a comparable development of thoracic surgery. These 
additional diagnostic requirements have been fulfilled in considerable 
measure by roentgenography — made even more valuable by the recent 
introduction of a nonirritating contrast media, by endoscopy, and by 
better correlation of findings so obtained r\ith the results of animal 
experimentation, with pathologic studies and with the clinical mani- 
festations of disease conditions We have arrived at a better under- 
standing of the mechanisms of respiration. The adaptation of positive 
pressure pharyngeal or intratracheal anesthesia to its requirements has 
largely obviated the disturbance of physiologic function during opera- 
tive pneumothorax. 

The diseased conditions of the thorax amenable to surgical treat- 
ment include infections, neoplasms and injuries of the pleurae, lungs, 
chest wall, heart, diaphragm and esophagus. Certain lesions are ameli- 
orated or cured by sectioning the sympathetic innervation through an 
intrathoracic approach. Some types of thoracic deformities are partly 
corrected surgically. The transthoracic approach to subphrenic abscess 
IS generally accepted. 

The most common surgical disease conditions of the thorax are 
pyogenic and tuberculous empyema, pulmonary abscess, bronchiectasis 
2nd pulmonary tuberculosis. Extrathoracic and intrathoracic neo- 
plasms, both benign and malignant, may be amenable to surgical re- 
”^^2l, especially in their early sta^ 

Physical therapy is a valuable adjunct to the surgical treatment of 
these diseases of the thorax. Incident to the recent growing interest in 
physical therapy in geneial, an increasing measure of attention has 
directed to its application in this field. 

The most useful physiotherapeutic methods include heliotherapy and 
\ s substitutes exemplified in the violet light; heat variously supplied, 
including diathermy and the infra-red light; radiotherapy, including 
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are not unknown. The symptoms are mainly those due to obstruction, 
namely, progressive dysphagia and regurgitation. X-ray examination 
with a barium meal contrast material will disclose more or less char- 
acteristic filling defects. Esophagoscopy is of great aid in establishing 
the diagnosis, not only permitting visual inspection, but also enabling 
one to obtain material for biopsy. 

The treatment to date is more or less hopeless. If the lesion is lo- 
cated in the cervical esophagus, external esophagectomy may be per- 
formed, with a subsequent plastic repair, if no recurrence is observed. 
The operation is best performed by electrothermic methods, utilizing 



Fig. 31 -—Electrically heated bougie for treatment of stenosis of the larynx and esophagus 


the cutting current for the dissection and then the coagulating current 
for the actual destruction of the growth. In other portions of the 
esophagus, one may utilize irradiation. Radon seeds may be implanted 
via the esophagoscope; or a capsule of radium may be tied to an end- 
less string after a gastrostomy has been performed, and accurately 
placed in position by visualization with the fluoroscope. Deep x-ray 
therapy may also be used. One may relieve obstruction by the use of 
esophageal dilators, or by the use of electrocoagulation via the esopha- 
goscope, utilizing the elongated coagulating points or buttons. Ob- 
struction may also be treated by inserting a Soutar esophageal 
intubation tube. Failure of these various measures will lead one to 
resort to the use of a permanent Rhefuss tube or to gastrostomy. 
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from 8 to 12, and during forced expiration from i to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc. 

Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchial 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration Under such conditions 
no fresh air can enter this lung and asphyxia results. 

Various factors influence the degree of actual respiratory embarrass- 
ment in the individual patient wth a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very 
large, resistance to air entering it Is so slight that practically all the 
air Tivill enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
in different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability. A chronic empyema usually stiffens it to such a 
degree that it does not bulge at all into the other pleural cavity The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
fluctuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
vital capacity. 

^ normal healthy adult has a respiratory capacity about seven times 
that used during quiet breathing. He has therefore a large reserve 
through which he compensates for the handicap imposed by an opening 
in the chest wall of relatively moderate size. If the opening is very 
and the mediastinum very mobile, the greatest degree of com- 
pensatory capacity fails to prevent asphyxia. On the other hand, if 
he patient’s muscular power is greatly reduced from any cause such 
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the use of the roentgen ray and radium; cautery, especially involving 
the precise application of the electric current; massage; active and 
passive motion, and the more simple mechanical devices such as splint- 
ing and corrective appliances for deformities. Special methods ap- 
plicable only to the thorax but involving mechanical principles are 
pneumothorax collapse of the lung, blowing and breathing exercises, 
positive pressure anesthesia, positive pressure carbon dioxide inflation 
of the lung, and the respirometer of Drinker. 

Physical therapy may be of great benefit, but, generally speaking, it 
will be an adjunct to, and not a substitute for, adequate surgical treat- 
ment. A patient with an arthritis due to an imperfectly drained 
chronic empyema or abscess will not be relieved of his arthritis by 
physical therapy of the affected joints. It is useful in rehabilitation 
after the cause of the process has been removed. Proper indications, 
relative evaluation in relation to other treatment, and correct dosage 
are of fundamental importance to the usefulness of any physiothera- 
peutic method. 

Since an understanding of the mechanism of respiration is essential 
to intelligent and rational surgical treatment of most of the diseases 
of the thorax, it may not be amiss to review briefly the anatomic and 
physical factors involved, particularly in the light of the fundamental 
contributions to this subject by Graham and Bell. 

The thoracic cage consists essentially of a bony framework with the 
intercostal muscles and diaphragm. It contains the lungs, separated by 
the mediastinum, which is made up for the most part of the heart and 
great vessels: The lungs in their relaxed state are of smaller volurne 
than the respective pleural cavities. Since the outside of the lung is 
protected against atmospheric pressure by the rigid chest wall, the 
unopposed atmospheric pressure exerted from wthin the broneW and 
alveoli stretches the elastic tissue composing them and so dilates the 
lung to the size of the pleural cavity. The degree of stretch of these 
tissues determines the degree of less than atmospheric pressure in the 
potential space between visceral and parietal pleura. During inspira- 
lion, which consists of a contraction of the diaphragm, external inter- 
costal and serralus anlicus muscles, and during deep inspiration, by the 
accessory inspiratory muscles, the pleural cavities enlarge in volume 
and so determine the amount of air inspired. The additional stretch of 
the elastic tissue of the lung, so produced, augments the degree of less 
than atmospheric pressure. Quiet expiration consists of simple relaxa- 
tion of the muscles of inspiration. Forced expiration, accomplished by 
contraction o! the abdominal muscles forcing the relaxed diaphragm 
higher into the thorax, and by (he contraction of the internal inter- 
costal muscles and of the accessory muscles of expiration, decreases 
the volume of the pleural cavities and so of the lung in amount meas- 
ured by the expired air. In the adult the less than atmospheric pressure 
during quiet inspiration is from 4.5 to 9 mm. Hg, and during quiet 
expiration fro^'i 3 to 7.5 mm. Hg. During deep inspiration it measures 
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from 8 to 12, and during forced expiration from i to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc 
Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchiaJ 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration. Under such conditions 
no fresh air can enter this lung and asphyxia results 
Various factors influence the degree of actual respiratorj’^ embarrass- 
ment in the individual patient with a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very 
large, resistance to air entering It is so slight that practically all the 
air will enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
m different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability. A chronic empyema usually stiffens it to such a 
oegree that it does not bulge at all into the other pleural cavity. The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
nuciuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
Vital capacity. 

, ^ normal healthy adult has a respiratory capacity about seven times 
hat used during quiet breathing. He has therefore a large reserve 
' which he compensates for the handicap imposed by an opening 
jn the chest wall of relatively moderate size. If the opening is very 
3 rge and the mediastinum very mobile, the greatest degree of com- 
pensatory capacity fails to prevent asphyxia. On the other hand, if 
^ patient’s muscular power is greatly reduced from any cause such 
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as shock, enfeebling illness of any kind or old age, the respiratory 
capacity may be reduced to a small mar^n, and such a patient may 
not possess 'sufficient respiratory capacity to compensate for even a 
relatively small unobstructed opening in the chest wall. 

Other conditions influencing the vital capacity in adults are disease 
conditions that affect the gaseous exchange within the iung itself, such 
as pneumonia, chronic fibrosis, inflammatory and spastic narromng of 
.the bronchi, and conditions affecting the respiratory function of the 
chest Wall. Infants are born with lungs nearly as large as the pleural 
cavities containing them. Their reserve vital capacity is therefore 
normally very low. 

Pressure chambers and the more recent kinds of gas-oxygen anes- 
thesia apparatus represent the application of physical therapy methods 
designed to ovOrpme the bad effects of surgical pneumothorax. Pres- 
sure chambers witji negative and positive pressure were first made by 
Sauerbruch. Intratracheal insufflation followed this method — this be- 
ing a positive pressure introduction of air- through a catheter previ- 
ously inserted into the trachea. With the extensive use of gas-oxygen 
anesthesia the problem of surgical pneumothorax has been met. The 
differential pressure apparatus used In giving gas-oxygen anesthesia 
provides the positive pressure when it is needed. Experience has shown 
that the thorax may be opened widely in some cases without harmful 
effects on the respiration, nevertheless some patients do badly and, 
for such, this positive pressure equipment should always be available. 

The Lundy-Heidfarink and M<^el G McKesson gas machines, wth 
which a high positive pressure rrtay be obtained, are examples of 
type now used. Practically all gas machines are constructed with 
safety devices against overinfiation. A device has been arranged by 
Dr. Amy Littig called a ”bag pressure unit” consisting of a diaphragm, 
a gage and dial, adaptable to any machine. This records accurately 
and continuously the exact positive pressure in millimeters of mercury 
under which the gas is being forced into the lungs. During the closure 
of the thorax following operation the lung can be almost completely 
reinflated. The pneumothorax apparatus may then be used to draw 
off the remaining air, thereby establishing negative tension approxi- 
mating the normal. 

The artificial pneumothorax apparatus is a device for controlling 
intrapleural pressure. It consists of a manometer scaled in centimeters 
for pressure readings, and some arrangement for forcing measured 
amounts of air or gas into the thorax through an ordinary aspirating 
needle. This js usually done by allowing; water from one jar to flow 
into another jar displacing the air in it, or the fluid may be forced over 
by means of a bulb such as that employed in taking blood pressure. 
The air is filtered through sterile cotton. The whole procedure 
be carried out under the most strict aseptic precautions. It is employed 
not only for introducing air or other gas into the pleural space for its 
therapeutic i but also, by reversing the system, for wthdrawxng 
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air to reduce tension. The manometer only is often used merely to 
determine the intrapleural pressure (Fig. j). 

The acute thoracic conditions, with the exception of the traumatic, 
furnish only occasional indications for employment of physical agents. 
Splinting of the ribs is usually indicated for fracture, and this is easily 
done by the time-honored method of strapping with adhesive plaster. 
After the deepest possible inspiration followed by complete expiration, 
the adhesive is applied in the direction of the ribs from the vertebra 
to the costicartilaginous junction. Marked relief from pain results 
due to the inhibition of respiratorj' motion, and healing is probably 
promoted for the same reason. 



Fic I — Robinson’s apparatus for artificial pneumothorax The apparatus consists 
essentially of two calibrated jars and a water manometer The jars are connected by 
tubine so that water from one jar wnll flow to the other when the level of one is hipher 
than the other, thereby displacing the air in the jar The needle, which is inserted into 
the chest, is connected to the system b> means of rubber tubmg By the use of stop- 
cocks, the manometer or the jars can be excluded from the sjstem so that the manometer 
readings or the introduction of air can be earned out independently as desired Pressure 
readings on the manometer may be taken as often as necessary following the intro- 
duction of the air, recording accurately at all times the positive or negative tension 
By reversing the ordinary pneumothorax procedure, it is obvious that air can be 
withdrawn from the pleural cavity as easily as it can be introduced 


Jieat in some form relieves pain in traumatic cases. It may be 
furnished by a large electric light bulb with a reflector, by one of the 
infra-red ray apparatus, by an electric pad, or by a hot water bottle. 

Traumatic pneumothorax is one of the conditions in which the intra- 
pleural pressure is affected. There must be an opening through the 
chest wall or into the lung for its development. An opening of short 
duration allowing only a small amount of air to enter the pleural space 
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calls for no interference. Occasionally a sucking or tension pneumo- 
thorax is produced. On inspiration, air is sucked into the pleural 
cavity, but because of a valvc-like action of the opening, air does 
not escape on expiration. The result is an increasing positive pressure. 
Continuous ventilation of the pleural cavity through a needle or valve 
trocar may then be imperative. A wound causing open pneumothorax 
must be sutured or otherwise closed. Then by use of the pneumothorax 
apparatus a positive pressure can be reduced to atmospheric or less 
than atmospheric by the withdrawal of air. This brings relief of 
dyspnea, and the likelihood of later pleural or pulmonary complica- 
tions is reduced. 

In massive collapse or atelectasis due to retained bronchial secre- 
tions, suitable posture may bring relief. Tipping the patient over the 
side of the bed so that the bronchial secretions will tend to gravitate 
into the trachea may initiate improvement and ultimate recovery with- 
out complications. In a boy, aged 8, following appendectomy under 
gas-ether anesthesia, massive collapse occurred, proved by x-ray and 
physical findings Posture, as described, was sufficient to bring about 
recovery in two days Scrimger reports that partial pneumothorax of 
the affected side has proved helpful Bronchoscopy*has been of value 
m some instances in removing the retained secretions. Bronchoscopy 
also is invaluable in removal of foreign bodies of both recent and 
longer duration However it should be done only by one skilled in this 
instrumentation 

Other acute conditions occur which are so closely interrelated with 
the chronic that they will be discussed together. 

Treatment of chronic conditions makes up a large proportion of the 
work of the thoracic surgeon Chronic infections often have an ex- 
tremely debilitating effect upon the patient. This is especially true of 
empyema, lung abscess, severe bronchiectasis and secondarily infected 
tuberculous empyema In such cases vitality is reduced, and the vis- 
cer.il damage may be far beyond what the general appearance may 
indicate Some patients may present themselves with a loss of half the 
body weight, with painful arthritis, secondary anemia of an extreme 
grade amy)ojdo.*>is of the hver which may extend to the umbilicus, 
impaired renal function and myocarditis In these conditions physical 
therain-. •'Uppk-mentary to the more direct treatment, perhaps has not 
been g)\en the recognition it deserves With heat, massage and radio- 
theraj'y a long consalc'sceiice at times can be shortened. Its greatest 
u'-ffuini'<s a- a 'supplement to other treatment. Rational use of 
ph\-ical agent'- i\ill extend their usefulness. 

Bronchiectasis 

Hronehietta'-i'- i'' a dilatation of the bronchi with infection giving rise 
tti cough .tnd -.jniUim In the majority of cases it affects the lower lobes. 
There a -tagnafiue .»{ the purulent secretions raised periodically. 
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Postural drainage often facilitates the evacuation of purulent secre- 
tions. Quincke first advised elevating the foot of the bed to promote 
(Jrainage, and others have found this effective. Some patients find that 
bending over a chair or the side of the bed is more effective. It may 
be best to try various positions in order to find the one most suitable 
to the given patient (Fig. 2). Vomiting is not uncommon during a 
paroxysm of coughing whether or not posture is employed. For this 
reason the position should be assumed about an hour before mealtime 
and at bedtime. 



Fig 2 — Showing posture assumed by patient viith bilateral bronchiectasis She sound 
this more effective than other positions Following this postural drainage four times a 
tfay, she gained fourteen pounds in weight, and the amount of sputum decreased from 
«oo cc a day to 150 cc 


Artificial pneumothorax collapse in the treatment of bronchiectasis 
bas yielded fair results. Its success is conditional on the absence of ad- 
hesions of the pleurae and the continuance of refills for months. It 
bas been found most useful in the early stages of the disease. Pul- 
hionary collapse by artificial pneumothorax is described more com- 
pletely under Tuberculosis. 

Measures to better the general condition of the patient should not be 
overlooked. Warm weather and sunshine are of benefit. Direct sunlight, 
^hen available, or artificial light is best employed over the entire 
body. It should be carried out as recommended by RoUier (see 
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Cautery pimmectomy has been employed with benefit. However, the 
cases of bronchiectasis ^Yhere this is indicated border on the abscess 
type. Therefore in those cases, cautery is used as described under 
Lung Abscess. 

Lung Abscess 

Lung abscess is a form of pulmonary suppuration. The treatment 
varies according to the duration, site of the lesion and condition of the 
patient. The physical agents that have proved most useful are cautery, 
bronchoscopy, postural drainage, sunlight and exercises. 

The patient with acute lung abscess should be given postural drain’ 
age as the first method of treatment. It is beneficial fn that it lessens 
toxic absorption and in some cases has led to a cure. If the condition 
of the patient warrants it, the head should be lowered so that gravity 
may cause evacuation of the pus at least three or four times a day. 
There is no definite position which has seemed to be applicable to 
all patients. Therefore if one position fails to promote drainage, other 
positions should be tried before the method is abandoned. 

Bronchoscopy is employed in selected cases with gratifying results. 
This form of treatment is most successful in the early cases of abscess 
located centrally. Its use has been adequately described by Jackson 
and his co-workers. 

The chronic abscess of the lung is the type most often seen by the 
surgeon. 

Postural treatment, as previously mentioned, may be used in the 
chronic case, particularly where there exist symptoms of toxic absorp- 
tion, merely as an aid in keeping the cavity as nearly empty as 
possible. 

Pneumothorax collapse is effective in cases in which the abscess lies 
close to a large bronchus, which means that it is centrally situated. 
The collapse is achieved by frequent refills of air. If adhesions are 
present preventing collapse, this method is contraindicated lest the 
lung be torn and the abscess drain into the pleural cavity, which will 
lead to a complicating empyema of the most serious type {Fig. 3)- 
Furthermore, if sufficient relief is not obtained by good compression, 
the air should be aspirated and the abscess drained. A pleural effusion 
with secondary infection is a frequent complication of therapeutic 
pneumothorax for abscess. 

Of all the physical agents, cautery offers most to the patient with 
lung abscess. Surgical drainage is necessary for a cure in the majority 
of cases. The procedure for drainage will be briefly described. The 
abscess having been localized by phyrica! findings and roentgenograms, 
nn appropriate incision is made down to the ribs. A rib may then be 
resected and the periosteal bed exposed, or, preferably, the inter- 
costal muscles can be divided between the ribs down to the endo- 
thoracic fascia. This is done to determine the presence of adhesions. 
If none are present, a pack may be inserted and the wound closed 
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Lung Abscess 

for one or two weeks. If drainage is more urgent, a larger window 
may be made and the lung sutured to the chest wall. With adhesions 
established, the aspirating needle and syringe are used to locate the 
abscess. The head of the operating table is lowered to prevent cerebral 
air embolism from an open vein. Cautery incision, by sealing off the 
veins which sometimes stand open in the fibrotic lung, prevents such 
an accident. It also controls bleeding Either the actual cautery may be 



Fig 3 —Roentgenogram of the chest of a patient with lung abscess treated elsewhere 
rtu Pneumothorax, illustratins the ineffectheness of this method of treatment 

® to peripheral adhesions The abscess was drained siirgicallv '■ ith complete recovery 
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used or some form of the coagulation current. Such simple drainage 
is sufficient to bring about a healing of single cavities. Surrounding 
pneumonitis, multiple abscess cavities or associated bronchiectasis in 
chronic cases requires further measures. It is in this type that cautery 
has been extremely useful (Fig. 4). Graham, first writing on pneu- 
mectomy ivith the cautery, recommended the use of an ordinary solder- 
ing iron at red heat over a relatively large area superficially rather 
than deep into the lung. Repeated cauterizations are safer and better 
tolerated. He claims that hemorrhage may be controlled by packing 
and that it is not common after the slough separates. However, every 
precaution should be taken toward its prevention and prompt control. 



Fic 4— niustration gf dmnsse Hounil of bronchiertalic abscess Several bronchial 
fi*tuUs arc endent T',e entire surface shows efMthelualion due to an outprowth of the 
bronchul epithelium 



Lung Abscess vlKi?l H 

The more recent introduction of the clectrosurgical units allows the 
use of the coagulation current. This is a somewhat slower procedure 
than the actual cautery but there is less likelihood of hemorrhage. 
The cutting current is hazardous in that it burns so quickly that the 
depth to which it penetrates may be misjudged, and this may lead 
to serious consequences. Recently a highly virulent abscess which was 
draining inadequately was cauterized by introducing the needle of the 
coagulation current into the surrounding lung in all directions. The 
patient’s general condition responded ^\ith surprising promptness, the 
uound quickly became cleaner, and the amount of drainage decreased 



5 — Same case as Figure 4, following cautery by use of the electrocoagulation 
currej^ The bands ha\e been severed, converUng a muICdocuJar cavity into a single 
The epithelium has been destroyed, allowing granulation tissue to form and 
“tticial contraction to take place 
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markedly. In establishing drainage the electrocoagulation current 
cautery is a distinct advancement. The incidence of complications is 
decreased by its use. 

One or more bronchial fistulas* may persist after the abscess has 
healed. Some close spontaneously, but others may persist because of 
the lipping of the bronchial epithelium: This condition can be dealt 
with most effectively by the repeated use of the coagulation current 
cautery (Fig. 5) or 20 per cent silver nitrate solution to destroy the 
epithelium. The resulting granulations gradually lead to fibrosis and 
cicatricial closure. 

During convalescence heUotkerapy stimulates the appetite and pro- 
niotes general improvement. Locally it is effective in reducing the 
amount of drainage. Flick has employed direct sunlight on the drain- 
ing wounds and believes the secretions are diminished thereby. Graham 
and Singer regard heliotherapy as an important aid in the healing of an 
abscess cavity. They believe that the sunlight and ventilation reduce 
anaerobic organisms and putrefaction. They advise that the body be 
gradually exposed, including the wound, for a period of one to two 
hours daily. Coulter chooses to alternate the quartz lamp with the 
carbon arc. He starts the former at one minute on the first day, 
gradually increasing up to 15 minutes or longer. Elsewhere in this 
system (Vol. Ill) Rollier has carefully outlined his technic. 

Recently a child three years of age, followng drainage of two 
abscesses of the lung, was transfused three times and given artificial 
sunlight treatment. In six weeks her weight had increased from 19 to 
30 pounds — over one-third of the body weight. 

Pulmonary Tuberculosis 

Certain types of pulmonary tuberculosis are amenable to surgical 
treatment. Rest still remains the basic principle in the treatment. 
Surgery is a means of increasing the amount of rest of the lung. Some 
oi the physical means employed, such as artificial pneumothorax, 
cauterization of adhesions, and splinting the chest wall are directed 
toward the same end. 

Artificial pneumothorax has been of tremendous value in the treat- 
ment of selected cases of tuberculosis. Forlanini is given credit for its 
first practical application in 1888. It should be administered only by 
those who have a thorough knowledge of pulmonary tuberculosis. 
Unless the indications for its use are present and unless it is correctly 
used, more harm than good is likely to follow. The indications for 
its employment and the technical details hardly come within the scope 
of this paper As stated, artificial pneumothorax consists of the intro- 
duction of air or gas into the pleural cavity, thereby allowing the lung 
to collapse. Nitrogen gas was formerly used but now^ filtered air has 
largely taken its place. The patient lies on the sound side and the skin 
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is prepared by painting it mth an antiseptic. The back, axilla or front 
of the chest may be the site of election according to the pathology 
present. The first instillation of air requires special care to prevent 
injury to the lung if adherent. A free pleural space is shoum by fluc- 
tuation of the manometer. The normal reading on inspiration is about 
—6 to —TO cm. of water, oscillating on expiration to —3 to —7 cm. 
The readings should be taken after a small amount of air has been 
allowed to enter the pleural space. If the pressure has changed mark- 
edly it must be assumed that the needle is in a small pocket which 
the air has quickly filled. In the average case 250 to 400 cc. can safely 
be given. In a case of hemorrhage more may be advisable. Refills 
should be carried out each day for about three days, then every two 
days, then twice a week, and finally once a week or every two weeks. 
Thus a complete collapse may be obtained, or if adhesions are present 
they may allow only a partial collapse. Occasionally filmy adhesions 
may be broken by slightly increased pressure, but this is often not 
effective and furthermore is not without danger of tearing the lung, 
which might result in serious complications. Therefore if attempted 
it should be done with the utmost caution. High positive pressures 
should be avoided. The amount of collapse should be carefully ascer- 
tained by use of the fluoroscope and roentgenograms. 

^ Therapeutic pneumothorax, like most good methods, has certain 
limitations. Adhesions may prevent its use. In 1913, Jacobaeus intro- 
duced intrapleural pneumolysis as a method whereby in certain cases 
with adhesions a complete collapse could be secured by severing the 
bands holding the lung out. By means of a trocar and cannula intro- 
duced under local anesthesia, a thoracoscope can be inserted into the 
pneumothorax cavity and the field observed ns the walls of the urinarj' 
bladder are observed by the cystoscopist. In favorable cases a cautery 
electrode is introduced and under visual guidance, made possible by the 
thoracoscope, the adhesion is severed. The thoracoscope is usually 
introduced in the interscapular space or below the angle of the scapula, 
and the cautery in the midaxillary line or more anteriorly. However 
the position is usually determined by the pathology present. Galvano- 
cautcry at a dull red heat was used by Jacobaeus, but Matson after 
using the electrocoagulation etirrent believes it will supplant the former 
because of its sealing and coagulating effects on the tissues, thus lessen- 
ing the dangers of hemorrhage. He further states that particularly 
when burning close to the parietal pleura, which is the safest, the heat 
of the high-frequency current is decidedly less painful. Serous effusion, 
empyema and hemorrhage have been the most frequent complications. 

Following the cauterization, the pneumothorax is left at atmospheric 
pressure; a negative pressure would favor bleeding; a positive pressure 
Ujight cause embolism if the lung had been injured and a vein opened, 
^ough should be controlled. Later, according to Matson, carbon diox- 
introduced in order to collapse the cavity, and this 
should be done slowly to allow evacuation of the cavity contents. 
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Carbon dioxide is used so that if embolism occurs from it, it will 
quickly be absorbed into the blood stream. Archibald prefers open 
thoracotomy for severing adhesions. 

Extrapleural thoracoplasty must be resorted to where collapse is 
indicated and pneumothorax and pneumolysis are not effective. By 
means ' . ' ‘ .■ ji , . ■ segments of the first to 

elevent ;t cases a good collapse 

of the i : take place. Sometimes 

where . . , ^ )r resection is sufficient 

to give a good result. 



Fic. 6 — Cheat splint applied to patient following posterior thoracoplasty for pul- 
monary tuberculosis of seven years’ duration It gives support to the side until regenera- 
tion of the nbs takes place It also may give some additional collapse in some cases 
Fig 7 — Anterior view of patient in Figure 6 


Posture following the operation may increase the collapse of the 
chest wall. By lying on the operated side the weight of the body helps 
to compress the soft tissues mobilized by the operation. Occasionally, 
where the mediastinum is not fixed, there may be a certain amount of 
paradoxical respiration, in which case the same position is invaluable 
in that the weight of the heart splints the mediastinum. Strapping 
wth wide adhesive may also be worth while in that it stabilizes the 
chest wall. 

Following completion of the operation, a splint such as that used in 
sanatoria may be employed (Figs. 6, 7). It consists of a broad fabric or 
suede pad which fits under the arm and is fastened about the opposite 
thigh and shoulder girdle. It can be tightened and perhaps increases 
the chest wall collapse; it also has a very decided supporting-effect 
while the ribs regenerate. It must not limit respiration on the sound 
side. 

A spirometer is an apparatus to determine the vital capacity of the 
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patient (Fig. 8). This test is useful prior to thoracoplasty. The normal 
capacity in man is between 3000 and 6000 cc., being a measure of the 
greatest amount of air exhaled after the deepest inspiration. In tuber- 
culosis this may be much reduced. Normally we have from four to 



8 — Illustration of one type of spirometer for measurinc the vital capacity. After 
the deepest inspiration, the patient expires into the mouth-piece, which elevates the 
O'linder and records on the dial in cubic centimeters 

seven times as much capacity as is needed for quiet breathing, but if 
the reserve respiratory capacity is. greatly decreased its further reduc- 
tion by thoracoplasty is contraindicated. 

Empyema 

Empyema is an accumulation of pus in the pleural cavity. It follows 
pneumonia, influenza and trauma or may complicate pulmonary tuber- 
culosis. Tuberculous empyema presents a different problem from the 
Pyogenic type and therefore will be discussed separately. 
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Acute empyema is usually a complication of a sudden severe illness 
which has left the patient in a weak condition. The added strain of 
a new infection, with its attendant fever and other manifestations of 
toxic absorption, may reduce him to a critical condition. The funda- 
mental principle of treatment is ''vacuation of the pus. In small 
children and occasionally adults, repeated aspiration has resulted in 
recovery. However, two methods, the closed and open, are the ac- 
cepted methods of treatment. In the closed method the pus is evacu- 
ated by the introduction of a catheter into the pleural cavity by means 
of a trocar and cannula inserted through an intercostal space and 
suitably fixed in place; in the open method, by the resection of a seg- 






Fic 0 — IlIu'triLion of a McElroy syrinx, the barrel being used as a funnel in a case 
of acute eiT)p)ema treated b> the closed method The irrigating solution is allowed to 
flow into the empjema easily by crawly, thereby avoiding overdistention. 
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raenl of one or more ribs and providing wide-open drainage. In the 
case of the critically ill patient and in the acute stage of the strepto- 
coccic type of empyema which is seen following epidemic influenza, 
there remains no choice as to type of operation. The closed method 
here is mandatory in that it is a much less formidable operation than 
resection of a rib, and furthermore it provides against the reduction 
of the vital capacity in those patients where the mediastinum is not 
fixed. During the epidemic of 1918, postinfluenzal empyemas showed 
a very high mortality, partly due to the virulence of the organism, 
but likewise to the open pneumothorax created by resection of one 
or more ribs, resulting in a collapse of the lung and often a shifting 



of piston has been introduced into the barrel By a back-and-forth motion 

the piston the pus is mhed with the irrisatins solution and then remo%ed This pro- 
Qure IS continued until the washings are clear The tube b clamped between irrigations 
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of the mobile mediastinum, and leading to marked impairment of the 
respiratory capacity. The more general adoption of the closed method 
of treatment in ordinary cases has been followed by improved results. 

Adequate drainage must be maintained all of the time. For this pur- 
pose numerous methods have been devised. The more simple the pro- 
cedure, the more universally applicable it is to all cases, providing it 
fulfils two cardinal principles — namely, adequate drainage and restora- 
tion of function to the partially collapsed lung. 

A McElroy syringe, such as illustrated in Figure 9, serves very 
well for aspirating the pus and for irrigating the cavity. The barrel 
may be used as a funnel, and the irrigating solution, preferably 
Dakin’s, where no bronchial fistula exists is allowed to flow into the 
cavity by gravity, thereby avoiding too great amount of pressure. 
The solution is thoroughly mixed with the pus by a back-and-forth 
motion of the syringe, and each time more solution is removed than 
introduced (Fig. 10). This causes a gradual reexpansion of the lung. 
The Dakin’s solution also is an excellent solvent for removing the 
fibrinous exudate from the walls of the pleurae, thereby reducing to a 
minimum the thickening of the same and fibrosis of the underlying 
lung. In ordinary cases this procedure is carried out every two hours 
during the day. Where the toxicity is great, it is advisable to increase 
the frequency of irrigations during the day and also to irrigate several 
times during the night. 

Some prefer to use continuous suction. By means of several bottles 
at different levels a solution can be allowed to flow into the pleural 
cavity, and by siphonage it is continuously withdrawn. Buelau, Perthes 
and Morrelli have described different types of apparatus for this pur- 
pose. Some prefer open drainage. It involves resection of segments 
of one or two ribs and the inserUon of tubes. It calls for no physical 
agents to facilitate drainage. 

Adequate drainage having been established, the next step is to 
restore function of a partially collapsed lung Whatever method is 
used to bring about drainage, reexpansion of the lung can be hastened 
by the same means. 

Blow bottles, or Wolff bottles, are of distinct advantage (Fig. n)* 
By blowing water from one bottle to the other the lungs are inflated to 
their capacity; which promotes obliteration of the cavity. Children may 
find balloons or horns more to their liking, or the water may be colored 
in the bottles, creating a greater interest. Other physical agents are 
usually unnecessary in acute cases. 

Chronic empyema, however, presents a different problem. Chronicity 
is due in the majority of cases to inadequate drainage, but other causes 
are bronchial fistula, foreign bodies, tuberculosis and osteomyelitis of 
the rib. Here again drainage must be established by one of the methods 
described under the acute condition. Likewise, the blowing exercises 
should be employed in order to restore as much function as possible. 



Empyema 
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Empyema with Bronchial Fistula. — Bronchial fistula not infre- 
quently is the cause of chronicity. Some bronchial fistulas close when 
adequate drainage is established; others do not, and such fistulas arc 
the underlying cause of failure to obliterate the cavity. Cauterization 
with the coagulation current is both effective and safe in promoting its 
closure. It destroys the bronchial epithelium lipping the opening and 
leads to granulation and scar tissue contraction. This type of current 
is safer than silver nitrate stick in that secondary hemorrhage is less 



I*ic. ir.— Wolfl bottles. The water fa blown from one fta»k Into the other, thu% 
increasing iotrahronchial prt»-ure which leo'h to ai»l in cxfnn'ion of the lunz. It U f/y 
teeTpansiorj of the luna that the empyema canty is ohiiteratcrl 

likely following its use. Repeated cauterizations may be nece^e-'ary to 
bring about closure, which should not be attempted if there h any 
e\idence that the bronchus is draining a pulmonary suppurative 
process. 

Atrophy of the muscles and arthritis arc often observed in chronic 
empyei^, Ma.ssage can \x: u-ed to bring about bfrtter muscle tone until 
the patient’s condition warrants aclivtr «rcrci»c. iV/tb the heuK of in- 
lection gradually diminishing through drainage, the joints should ah/> 
r^jve maiia?_e as suggested l.»y Mock for rhf’UmnU/id conditjV/ns fsee 
Vol. 11), ' ' 

Proper exerci’es are indienUd where thw h lirnHntif/n of motion 
or function. 

1' may U; ndvuniayt’fAf’ for the patbrnt barred from »un- 

bght and frc’.h air }/y a i/roiffTiyett critifM iUne-.s, 
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Tuberculous Empyema. — Tuberculous empyema •mthout secondary 
pyogenic infection is not amenable to the principles which guide the 
treatment of pyogenic type. A tuberculous empyema may exist as 
a primary lesion; that is, a tuberculous pleuritis may be present with 
no demonstrable pathology in the underlying lung. The culture and 
smear show no organisms with the exception that sometimes the tuber- 
cle bacillus may be demonstrated. In some patients, when no pressure 
symptoms arise, the pus may be left undisturbed for a time; in others, 
oleothorax is used with varying success. Aspiration of the pus with 
replacement with air by use of the pneumothorax apparatus may be 
highly beneficial. This is especially true where toxic absorption is 
evident. The pressure is usually left at about that of the atmosphere. 
Reexpansion of the lung is desirable here, and this is gradually brought 
about through absorption of the air. Forced expansion through the use 
oi blowing bottles or similar devices is not desirable. 

Tuberculous empyema, however, not Infrequently complicates a 
clinically evident pulmonary tuberculosis. The underlying lung may 
present physical findings suggestive of the disease, or the roentgeno- 
gram may show cavities or evidence of tuberculosis where the empyema 
IS not massive enough to obscure the entire lung field. If both are 
masked the history may determine the presence of lung involvement. 
If the pus shows no pyogenic organisms, the purulent effusion may be 
undisturbed for a lime at least. It compresses the underlying disewed 
lung which may lead to considerable improvement. However, aspira- 
tion with replacement by air may be still more beneficial. It is abso- 
lutely essential in this type, however, to continue the partial or com- 
plete collapse^tOf the lung, as the case may be, in order to insure 
permanent he^id^“of the lung. Reexpansion of the lung before the 
lesion is healed is contraindicated. A thoracoplasty may be the only 
means of curing persistent’- tuberculous empyema wth pulmonary 
involvement. .- * • 

Tuberculous empyema assumes a different status when pyogenic 
organisms complicate it. If the infection is extremely mild, aspirations 
occasionally control the toxic absorption. Where a major surgical pro- 
cedure is not contraindicated a thoracoplasty is advisable. Usually the 
infection demands drainage by the closed or open method, followed 
later by extrapleural thoraojplasty. Here again the condition of the 
underlying lung is the criterion on which the treatment is based. With 
extensive pulmonary involvement, no procedure to promote reexpan- 
sion of the lung should be employed- 

CARCINOSrA OF THE LuNC 

Radium is palliative in carcinoma of the lung. Where the tumor is 
situated in the periphery of the lung it can be reached by thoracotomy* 
Radon implants Can be distributed through the mass. Three patients 
with pain as the most pronounced symptom were markedly relieved 
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for months by such treatment. One, a farmer, took a new interest in 
his work for eight months after its use, ..though he had not been able 
to work for a year previous to this time. Another, a woman, who 
had large amounts of pleural fluid necessitating repeated aspirations, 
required but one aspiration during the succeeding six months that she 
survived. She was much more comfortable possibly because of the 
absence of fluid. Still another, with severe pain in the arm due to pres- 
sure on the brachial plexus, was afforded relief until his death eight 
months later. Some of this relief may have been due to the resection 
of a segment of rib. However, with the slow growth of the tumor, 
the recurrent pain was not as severe as prior to the implantation of 
the radon seeds. In our experience no untoward effects or complica- 
tions have followed its use. 

Drinker Respirator and the Pulmotor 

The Drinker respirator and the pulmotor should be mentioned as 
physical agents invaluable in cases of interrupted respiration. In the 
respiratory muscles, ascending paralysis of poliomyelitis, in drowning 
and carbon monoxide poisoning they have been of utmost value. Un- 
doubtedly wider application will be found for the Drinker apparatus. 
The descriptions and more complete details of the uses of these devices 
appear in Volume I of this work. 





